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1.0 SUMMARY

In this report, velocity and temperature distributions pre-

dicted by a 3-D numerical model are presented and compared with mea-

surements taken during the Dilution Jet Mixing program (Contract

NAS3-22110). In addition, empirical correlations for the jet veloc-

ity trajectory developed in this program are presented. For all of

the configurations tested in the Dilution Jet Mixing program

(Phases I through III), measurements of both temperature and veloc-

ity distributions were made at several axial stations. The measured

temperature distributions were reported in the three previous

reports. The measured velocity distributions for all test cases

performed in this program are presented in this report in the form

of contour and oblique plots. The velocity distributions show char-

acteristics similar to those observed in temperature distributions.





2.0 INTRODUCTION

Advanced aircraft propulsion gas turbine engines for civil and
military applications require increased thrust or horsepower per

unit airflow. The increased power density often results in higher
average combustor discharge temperature with attendant reduction of
the available dilution air. Effective use must be made of the

available dilution air to tailor the combustor discharge temperature
distribution.

The combustor discharge temperature quality is influenced by
nearly all aspects of the combustor design and in particular by the
dilution zone. To tailor the combustor discharge temperature pat-
tern, the discharge temperature distribution must be characterized
in terms of the dilution zone geometric and flow parameters. Such
characterization requires an improved understanding of the dilution

jet mixing processes.

The present program has been undertaken to acquire a data base
of dilution jet mixing characteristics, to develop empirical jet
mixing correlations and to validate combustor analytical design
models.

The main objectives of the NASA Dilution Jet Mixing Program are
to quantify the effects of the following on the jet mixing charac-
teristics with a confined cross-flow:

o

o

o

Orifice geometry, momentum flux ratio, and density ratio

Nonuniform mainstream temperature and velocity profiles

upstream of dilution orifices

Cold versus hot jet injection



o Cross-stream flow area convergence (accelerating cross-
stream) as encountered in practical dilution-zone geome-
tries.

o 2-D slots versus circular orifices

o Discrete noncircular orifices

o Single-sided versus opposed (in-line and staggered) jets

o Single row versus double row of jets

Besides generating a data base, a limited number of 3-D numeri-

cal computations were made for several dilution jet configurations.
The comparison between the numerical predictions and the test data
are presented in Section 4.

As a part of the program, an empirical model describing the jet
mixing characteristics was developed. The model results for temper-

ature field are reported in References 1 through 3. The empirical
model also predicts the jet velocity trajectory for all the config-
urations tested in the program. A description of the empirical
model for velocity trajectory and the comparison between data and

model results are provided in Section 5.

The temperature measurements obtained in this program are
reported in References 1 through 3. This report contains all the

velocity data obtained in the NASA Dilution Jet Mixing Program under
Contract NAS3-22110.



3.0 DESCRIPTIONOF TEST RIG, INSTRUMENTATION,ANDDATA REDUCTION

3.1 Test Riq

A schematic layout of the jet mixing test rig is presented in

Figure i. The mainstream airflow is ducted from the test cell main

air supply through a 15.24-cm internal diameter pipe. A transition

section connects the inlet pipe to a rectangular cross section of

constant width (30.48 cm) and adjustable height.

A perforated plate with 25 holes of 1.43-cm diameter provides a

relatively uniform airstream at the profile generator plenum. The

profile generator duct incorporates an adjustable bottom wall to

match the test section inlet height, which can vary from 10.16 cm to

15.24 cm.

A separate air supply enables the profile generator to provide

the desired radial profile of temperature and velocity upstream of

the jet-injection plane.

A third air supply allows the dilution injection orifices to

vary jet velocity and density. A number of interchangeable dilution

orifice plates and test section geometries are used to study con-

fined jet mixing with the mainstream. To minimize the rig thermal

losses, the rig walls are insulated with a 2.54-cm thick layer of

Kaolite insulation.

Detailed descriptions of the profile generator, test sections,

and dilution orifice plates are provided in References 1 through 3.

The test sections used in this program are shown in Figure 2, and

the orifice plate configurations employed are illustrated in

Figure 3.

5



The rig instrumentation includes a number of wall static pres-

sure taps and flow thermocouples, in addition to a traversing Pt/Ps/T
rake.

3.2 Instrumentation

The dilution jet mixing characteristics were determined by mea-

suring temperature and pressure distributions within the test sec-

tion at different axial stations. A traversing probe (Figure 4) is

used for this purpose.

The probe consists of a 20-element thermocouple rake with 20

total-pressure sensors on one side and 20 static-pressure rakes on

the other side. The nominal transverse spacing between the thermo-

couple rake and the total pressure rake is 0.508 cm. The spacing

between the thermocouple and the static pressure elements is

0.508 cm.

The height of the probe between the top and the bottom elements

is 9.35 cm. The first element is located 0.405 cm from the top wall

of the constant-height test section (Test Section I). All the ele-

ments are equally spaced in the vertical direction, providing a nom-

inal spacing of 0.492 cm.

The total-pressure sensor elements are made of Inconel tubes

with an outside diameter of 0.16 cm and a wall thickness of

0.023 cm. The internal conical design of the tube at the inlet pro-

vides a ±15 degree flow insensitivity angle. The static pressure

tubes, similar to the total pressure sensors, are dead-ended with

four bleeding holes of 0.03-cm diameter 90 degrees apart and 0.7 cm

from the tip. The total temperature sensors are type K thermocouple

wires with insulated junctions encased in 0.10-cm inside diameter

tubes, supported by 0.21-cm inside diameter enveloping tubes. The

insulated junction tubes exposed to the air stream are 0.76-cm long.

The sensing elements have a straight length of 1.52 cm or more

6



before the first bend to the probe core, where all tubes are
inserted in a rectangular probe shield, 4.32 x 0.67 cm.

The probe is mounted on a traversing system that allows travel
in three directions. This system allows for a 30.48-cm traverse in
the X-direction (mainstream flow direction) and 22.86 cm in the
radial (Y) and transverse (Z) directions with an accuracy of ±0.015

percent. The flow field mapping in the Z direction is made at
several planes starting at Z/S = -0.5 at intervals of 0.i. The mea-
surements in the X-direction were made at axial planes between

X/H0 = 0.25 and X/H 0 = 2.0.

The temperature and pressure values from the test rig instru-
mentation are recorded on magnetic tape through a central computer-

ized data acquisition system. An on-line data display system pro-

vides real-time information on selected raw data for monitoring the

flow conditions. The raw data from the magnetic tape is used for

detail data reduction, analysis, and correlation.

3.3 Data Reduction

The pressure recordings from the probe rake were used to com-

pute the velocity V(X,Y,Z) at the point (X,Y,Z). An interpolation

scheme was used to compute pressure (Ps) values at the point where

probe thermocouples are located. From these total and static pres-

sures, a nondimensionalized velocity, V(X,Y,Z)/Vj, was computed.

V(X,Y,Z) is obtained from

1/2

V(X,Y,Z) : _2 [Pt (X,Y,Z)- PS (X,Y'Z)]/P(X'Y'Z)I
!

The jet velocity, Vj, is Calculated from

Vj = 4 nlj /(pj NITD 2 CD )

7



where D is the orifice diameter, N is the number of orifices, pj is
the jet density (Pj/RTj), and CD is the orifice discharge coeffi-
cient.

The orifice discharge coefficients were determined by measuring
the pressure drop across the orifice plate (without cross flow) for

a range of mass flow rates. The discharge coefficient, CD, was
obtained from the relation

A_PP = 1.99
P wcl2

AC D

where, Wc is the corrected flow rate in ibm/sec and A is the geo-

metric area of the orifices in square inches.

T(OR) P(psi)
-_- where 8 = 518.67 , and =Note: Wc = Wa 6 , _ 14.696

The velocity vector in the vicinity of the jet injection plane is

predominantly in the radial direction. In such regions, the velo-

city values obtained from the rake probe are not expected to be

accurate.

An important parameter relevant to the jet description is the

jet momentum flux ratio, J, defined as

where
J = pjVj 2 /(PmVm 2)

pj = Jet density

Pm = Mainstream density = Pm/(RTm)

Vj or VJET = Jet velocity at the orifice Vena Contracta

V m or VMAIN = Mainstream Velocity = mm/(PmAm)



Am = Effective mainstream flow area.

mm = Mainstream flow rate

Other flow parameters of interest are:

Mass flux ratio (blowing rate), M or BLORAT= pjVj/PmV m

Temperature ratio, TRATIO = Tj/T m

Density ratio, DENRATIO= Pj/Pm

Velocity ratio = Vj/V m.

The geometric parameters of importance associated with the orifice

configuration are: S/Dj and H0/D j, where Dj is the effective jet
diameter defined by

Dj = D (CD) 0"5

The quantities described in this section define the geometric
and flow conditions of each test and are reported along with the
reduced data.

The average mainstream velocity, Vm and the average jet velo-

city, Vj, are mass weighted average values for the test. They
represent the correct momentum flux for the mainstream and the jet,

respectively.
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4.0 RESULTSOF NUMERICALCALCULATIONS

The empirical co_relations developed in this program and other
existing empirical models describing the jet mixing characteristics
are applicable only within the scope of the experiments from which
these models are generated. Many practical combustion systems have

geometries that are not investigated in these experiments. The jet
mixing behavior in such systems can be predicted by 3-D numerical
calculations. In the Host Aerothermal Modeling Program Phase I
(Contract NAS3-23523), 3-D numerical calculations were performed for
i0 dilution jet mixing test cases. The predicted temperature dis-

tributions are reported in Reference 4.

The 3-D calculations performed in that program include the test

configurations shown in Table i. The predicted temperature and

velocity distributions by the 3-D model for these cases are

presented in Figures 5 through 52 in the form of oblique and contour

plots. The velocity distributions show the same characteristics as

the predicted temperature distributions.

The 3-D model underestimates the mixing of the velocity field.

Decreasing the number of finite-difference grids tends to increase

the mixing, which demonstrates that the solution is grid dependent

and that the numerical diffusion effects are significant. The jet

velocity penetration (corresponding to maximum velocity point) and

the acceleration of the cross flow around the jet are correctly pre-

dicted by the model; but the magnitudes of the predicted velocity

are only within 20 percent of the measured values.

As a part of the Phase III Dilution Jet Mixing Program, similar

3-D numerical calculations were made for six dilution jet configura-

tions shown in Table 2.

The predicted temperature and velocity distributions for these

six cases are presented in Figures 53 through 76. These figures
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Case

No.

1

2

3

4

5

6

7

8

9

i0

ii

12

TABLE i. SAMPLE CASES OF 3-D CALCULATIONS PERFORMED IN

HOST AEROTHERMAL MODELING PROGRAM

Orifice

Configuration

Single-Sided

Single-Sided

Single-Sided

Single-Sided

Single-Sided

Single-Sided

Single-Sided

Single-Sided

Single-Sided

Top Cold Profile

Opposed In-Line

Opposed Staggered

Number of

Nodes

35x33x17

27x26x8

35x33x17

27x26x8

35x33x17

32x29x21

45x23x19

40x23x21

40x23x21

45x23x19

35x33x17

22x27x33

Orifice

Dia (cm)

1.27

1.27

1.27

1.27

1.80

1.80

2.54

2.54

2.54

2.54

1.27

2.54

S/D

2.0

2.0

2.0

2.0

2. _3

2.83

2.0

4.0

4.0

2.0

2.0

4.0

Ho/D J

8.0 22.32

8.0 22.32

8.0 92.63

8.0 92.63

5.66 25.48

5.66 25.48

4.0 18.59

4.0 23.51

4.0 5.31

4.0 31.79

8.0 24.94

4.0 26.41

DJM Test

Case No.

Test

Phase No.

I 5

I 5

I 6

I 6

II 50

II 50

I 2

I 4

I 3

I 13

II 2

II 28
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!Case

No.

I

13

14

15

16

17

18

TABLE 2.

Orifice

Configuration

Single-Sided

In-Line, 2 Rows

Single-Sided

Cony. Duct

45-Deg. Slot

Offset, 2 Rows

Single-Sided

SAMPLE CASES OF 3-D CALCULATIONS PERFORMED IN

THE NASA DILUTION JET MIXING PROGRAM

Number of

Nodes

36x29x19

41x23x21

42x28x17

45x23x19

Orifice

Dia (cm) S/D H0/D J

1.27 4.0

1.80 2.83

1.80 2.83

2.54 2.0

2.54 2.0

8.0

41x23x21

5.66

5.66

4.0

4.0

1.80 2.83 5.66

1.27 2.00 8.00

2.54 2.00 4.0045x23x19

DJM Test

Case No.

PhaselTest No.

28.37 I 7

26.27 III 6

26.85

26.36 I 26

27.13 III 19

26.79 III ll

26.63

26.24 III 22

13



show the contour and oblique plots of nondimensionalized temperature

and velocity distributions, along with their vertical profiles along

the jet centerplane. The following general conclusions are made

from these figures:

o The jet velocity penetration is farther than the tempera-

ture penetration.

o The 3-D model underestimates the mixing of velocity and

temperature fields, especially in the transverse direc-

tion.

o The predicted centerplane velocity profiles are in good

agreement with the data. The centerplane velocity pro-

files are more accurately predicted by the 3-D model than

the temperature profiles.

o For 45-degree slots, the 3-D numerical model correctly

predicts the transverse shift of the centerplane profiles,

as well as the rotation of the theta contours. The

rotation of theta contours is not predicted by the Garrett

empirical model for angled slots.

o The 3-D model predictions are in qualitative agreement

with the data. Improvements in the numerics and turbu-

lence models are needed to accurately correlate with the

measurements.
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5.0 VELOCITYTRAJECTORYCORRELATIONS

The interaction of dilution jets injected normally into a con-
fined cross flow is highly complex and three-dimensional in nature.
Accurate characterization of this interaction requires multidimen-
sional models. Such models are currently in development and are not
yet validated. Furthermore, the multidimensional models are not

currently cost effective for making hardware changes in the combus-
tor to meet the combustor exit profile requirements. In order to
aid the combustor design efforts, GTEC developed empirical models
for characterizing the dilution jet mixing in confined cross flows,
by using the data obtained in this program. The empirical model is
based upon the correlations reported in Reference 5. The GTEC cor-

relations are applicable to the following configurations:

o

o

o

o

o

o

Single sided and opposed jets

Single row as well as multiple rows of jets

Circular and noncircular jets

2-D slots and discrete angled slots.

Nonuniform cross flow temperature and velocity profiles

Flow area convergence.

Descriptions of the empirical model and its results were

reported in References 1 through 3. In these references, only the

temperature field was presented. In addition to correlating the

temperature field, the empirical model also estimates velocity

trajectory.

The expression for jet velocity trajectory developed in the

GTEC empirical model is based upon the following form proposed by

Walker and Eberhardt (Reference 6):

0.12 0.23 0.57 0.18

gv/Dj = 0.549 J (S/Dj) (H0/Dj) (X/Dj) (I)

15



where,

Yv is the jet velocity penetration

Dj is the effective jet diameter
S is the orifice spacing

H0 is the channel height at jet injection plane

J is the momentum flux ratio.

Preliminary comparison between data and this expression indi-

cated poor agreement between the two. Based upon the data obtained

in this Dilution Jet Mixing Program, the following expression was

developed at GTEC for correlating the jet velocity trajectory:

0.23 0.57

= ao j S H 0 X

where,

e (2)

0.35

a o = 0.765 1 + _ (3)

1.25

e = 0.12 1 + _-_ (4)

dH
and _-_ is a measure of the rate of area change.

For a straight duct

(dH/dx = 0) a o = 0.765 and e = 0.12.

Note the difference between equations (i) and (2), namely,

larger value of empirical constant a o and slower decay in the

stream-wise direction. Both these equations give the same jet

trajectory for X/Dj = 250.

16



The results obtained from equation (2) and their comparison
with test data are presented in Figures 77 through 99. In these
figures, the locations of measured jet trajectories are shown by
symbols, and predictions are shown by solid lines. For opposed and
double rows of holes, the trajectories corresponding to the bottom
injections or aft row of jets, whichever is applicable, are shown by
the broken lines. In these figures, the data points were obtained

by interpolating between the measured values. It is important to
note that the velocity measurements were made using a probe rake.

Such measurements are not expected to be accurate close to the jet
injection plane. Consequently, the velocity trajectory data in

those regions are not accurate. The following general conclusions

are made by comparing the trajectories obtained from the empirical

model with the test data:

o The empirical model correctly predicts, within measurement

accuracy, the trajectories for S/D = 2 and underestimates

it for S/D = 4.

o The model underestimates jet velocity trajectories for

tests using convergent ducts.

o For opposed jets, the empirical model accurately predicts

the jet penetrations for in-line arrangements; the agree-

ment between data and model results are poor for staggered

configurations.

o The empirical model underestimates the jet penetrations

for 2-D slots when equation (2) is used with S/Dj=I and

H0/D j is replaced by H0/w, where w is the slot width.

o Jet velocity trajectories for bluff slots and 45-degree

slots are accurately predicted by the model, while those

17



for streamlined slots are underestimated. For these dis-

crete slots, the Dj values employed in equation (2) cor-
respond to those of equivalent area circular holes.

o For double rows of jets, the model accurately estimates
jet penetrations for in-line arrangement and underesti-

mates them for staggered and offset configurations. For
multiple rows of jets, the lead row jet penetrations cor-

relate well with the measurements.

o The empirical model for velocity trajectory must be evalu-

ated against more accurate data on trajectory.
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6.0 RESULTSOF VELOCITYMEASUREMENTS

In References 1 through 3, the measured temperature distribu-
tions were presented for all test cases performed in Phases I
through III. The test configurations and flow conditions for these

tests are presented in Tables 3 through 12. In all these test
cases, total and static pressure measurements were made in addition

to obtaining thermocouple data, as described in paragraph 4.1. From
the total and static pressure data, the axial velocity component is
computed in the form described in paragraph 4.2. The measurements
obtained from the rake probe are not reliable in some regions,
especially in regions close to the injection plane where the veloc-

ity vectors are not aligned with the total pressure elements. In
these regions, the measured rake probe static pressures show higher

values than the corresponding total pressure data. The velocity
values in such situations are set equal to zero. The measured
velocity distributions are presented in nondimensional form as

(U-Vmain)/Vjet.

Evaluation of the test data showed that for some of the test

cases, the accuracy of velocity data was very poor. For these test
cases, the velocity data will not be presented:

o Phase I - Tests 19 through 22 and 35 through 38.

o Phase II - Tests i, 2, 7, 8, 9, 10, ii, 27 through 34,
43, and 44, 46, 47, 48 and 51.

For the remaining test cases performed in Phases I through III,
the nondimensionalized velocity distributions are presented in the
form of contour plots and Oblique plots. These results are shown in

Figures i00 through 183. The following conclusions are drawn from
the velocity data:
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o The jet velocity penetration (location of maximum veloc-
ity) is farther than the jet temperature penetration.
However, when the jet penetration is close to the opposite
wall, the jet velocity and temperature centerlines are
close to each other.

o The rate at which laterally two-dimensional profiles are

obtained for velocity is faster than the rate for tempera-
ture distributions.

o The jet-to-mainstream density ratio, Pj/Pm, has at best a
second order influence on the velocity distributions for a

given momentum flux ratio.

o The influence of nonuniform mainstream velocity profile on

the velocity distribution is significant; but the super-
position scheme applicable to temperature distributions
may not be applicable to velocity distributions (Figures
112-117 and 135-140).

o Flow area convergence enhances jet mixing. Velocity dis-
tributions in an asymmetrically convergent duct with jet

injection from the flat wall (Figures 122-125) are very
similar to those in an equivalent symmetrically convergent
duct (Figures 118-121) at the same momentum flux ratio.
For an asymmetrically convergent duct with jet injection
from the slant wall, the velocity gradients in the verti-

cal direction (Figures 126-129) are steeper than those
with flat wall injection or symmetrical convergence. The
jet spreading rates in the transverse direction are faster

for slant wall jets than the other two configurations.

o Opposed jets injected into an asymmetrically convergent
duct produce velocity distributions (Figures 149-156)
similar to those in a symmetrically convergent duct

2O



(Figures 141-148) beyond X/H0 = 0.5. In the regions
closer to the injection plane, the jets from the slant
wall show deeper penetration than those from the flat
wall.

o Orifice plates having the same S/H0 ratio produce similar
velocity distributions at the same momentum flux ratios.

o The velocity distributions produced by streamlined slots
are similar to those of equivalent area circular holes

with the same S/H0 and momentum flux ratio in regions
beyond X/H0 = i. In the regions closer to the jet injec-
tion plane, the velocity profiles for streamlined slots
show smaller vertical gradients compared to equivalent
area circular holes.

o The bluff slots have smaller jet velocity penetration com-
pared to streamlined slots or equivalent area circular

holes, but the velocity distributions are more two-dimen-

sional in nature. The bluff slots produce larger vertical

velocity gradients compared to equivalent area circular

holes.

o Double rows of in-line jets with S/D = 2.83, H0/D = 5.66

(Plate M-3, Figure 3) produce velocity distributions very

similar to those of single row of jets with the same

spacing and diameter at the same momentum flux ratio. The

velocity profiles for these two orifices are similar,

while the magnitudes are different. Plate M-3 produces

smaller velocity gradients in the vertical direction than

the equivalent area circular holes (Plate 01/02/04) at the

same momentum flux ratio.

o The configuration with a double row of dissimilar holes

(Plate M-5, Figure 3) produces steeper velocity gradients
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o

o

o

in the vertical direction compared to Plate M-3. These
gradients are still smaller compared to those produced by

a single row of jet of equivalent area.

In orifice Plate M-5, increasing the flows in the down-
stream row of jets increases the velocity gradients in the
vertical direction.

Plate M-6 (with leading row of holes having S/D = 2 and

H0/D = 8) produces velocity profiles very similar to those
of orifice plate 01/02/08 (single row with S/D = 2 and

H0/D = 8) (See Figure 3 for orifice configurations.).

The 45-degree slot generates a skewed vortex field, which
shifts the velocity centerplanes in the direction of slot.
In addition, the vortex field rotates the velocity con-
tours about the axis of the slot.
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7.0 CONCLUSIONS

The NASA Dilution Jet Mixing program under Contract NAS3-2210,
was directed toward characterizing mixing processes of jets injected
into a confined cross flow. Measurements of temperature and
velocity were made for several orifice shapes and configurations.
The velocity distributions for these test cases are presented in
this report. In addition, empirical correlations were developed to
quantify the jet velocity trajectory. Comparison between the data

and the empirical model shows agreement within the accuracy of mea-

surements for most of the jet configurations studied.

As a part of the program, 3-D numerical calculations were per-

formed for several different orifice configurations. The 3-D model

underestimates the mixing of velocity and temperature fields.

Advanced numerics and turbulence models are needed to improve the

accuracy of 3-D model predictions.
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LIST OF SYMBOLS

A
AR

CD
D

Dj

HO

J

Pt

Ps

S

T

V

X

Y

YV

Z

Test section cross-sectional area at survey plane

Aspect Ratio (frontal width/streamwide length)

Orifice discharge coefficient

Geometric orifice diameter

Effective orifice diameter

Duct height at the jet injection plane

Momentum flux ratio pjVj2/PmVm 2

Stagnation pressure

Static pressure

Orifice spacing

Temperature

Velocity

x direction, parallel to duct axis

y direction, parallel to orifice centerline (radial

direction)

Centerplane velocity trajectory

z direction, normal to duct axis (transverse direction)

Greek

8

P

Temperature difference ratio

Density

Subscripts

av

EB

J

max

m

F

B

Average

Equilibrium value

Jet property

Maximum

Cross-flow property, average value

First or lead row jet conditions

Back or aft row jet conditions
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CONFIGURATION
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DIAMETER
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Figure 3. Orifice Plate Configurations.
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s/oJ = 2.58 HOIDJ = i0-33 VRAT]O = 3.45 TRATIO - 0-475 BENRATIO-2,128 TMRIN : 360.4 K TJET - 171.3 K

X/H : 0.50 X/DJ --5.16 X/H = 0.75 X/OJ -7.75

_ "°

(U VMAl NI/VJET (U-VMRINI/VJET (U-VMAIN]/VJET

THEB = 0.169

x/H = 1.00 X/DJ =IO.S3

_ _ o_ o._ o_ o._

CDMPRRISON BETWEEN ORTA AND PREDICTION8 FOR TEST 2, 27X28XO, SINGLE SIDED RON OF JETS, J = 22.32 • S/D =2.00 , H/D =8.00

Figure 12. Comparison Between P_eaicted

and Measured Velocity Distributions for

Test Case 2 - Table I.
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CONTOURt
VALUE0.05002 3 4 5 D 7 8 0

0.10000.1500O-ZOO00.25000-30180.35000.40000.4*500
lO tl

0.5000 0.5500

PREOICTEO THETR CONTOURS FOR TEST NO.6, FINE OQID, J=107.8, S/D=2-0, H/0=8.0

I_z_r,/c_f_rJ,

PREDICTED THETR DISTRIBUTIONS FOR TEST NO. 6, FINE DRIB. J=;O?.8, D/0=2.0. H/0=8.0

Figure 13. Predicted Temperature
Distributions for West Case 3 -
Table i.

09



J

/

/

..... :'R 1 2 3 4 0 0 7 _ 10 11

VALUE 0.O5OO O.tOO0 OqO00 0.2000 0.2500 0.0010 0.0500 0.4000 0.4000 0.50O0 0.5500

_ o., '_

me_es_ oisr. _s
r_._ oisT. vs

THETFI CONTOURS FOR TEST NO- B, TM=CONST, J=107,8, S/0:2.0, H/O:8.O

m_v_ DisT. :us
_e,e_sf oisT. z/s

$/OJ = 2.57 HOIOJ = 10.29 VRfqTIO = 6.86 TRF_TILI = 0.460 OENRATIO=2.28'7 TMFUN = 649.7 K TJET = 299.Z K THEB = 0.30_

X/H = 0.50 X/DJ _.14 X/ft = 0.'75 ×,DJ =7,7; ×/H = 1.00 X/DJ :ICI.Z9

_' °o;\,

w! ®. / _[ / 111

(TMRIN-T]/(TMAIN-TJ) (TMIqIN T_/rmF_N-TJ_ (T_81N-T)/(T_#IN TJ}

CONPRRISON BETNEEN D£T_ ONO PREDICTIONS FOR TEST NO. B, TEST SECTION I. TN£IN=CONST, d = lg7.78 , S/O =2.00 , HID :8,00

£igure 14. Comparison Between

Predicted and lleasured

Temperature Distribuhions for

Test Case 3 -Tabie i.

4O



CONTOUR 1

VQLUE 0-0000

2 3 4 5 6 7 8 9

0,0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

mR_RS_ O_ST. Z/S

10 ii

0.5000 0.6000

PREDICTED VELOCITY CONTOURS FOR TEST NO. 3,35X33XIT. J=92.53. S/D=2.00. H/D=8,00

<S>-_--'-

lU-_l.,, v_T

Figure 15 Predicted Velocity

Distributions for Test Case 3-

Table i.

,u-_l., / v_T

PREOIETEO VELOCITY DISTR]BUTIONS FOR TEST NS. 3.35X33X]7, J=92.63, S/D=2-O0, H/D=8.00



CONTOUR

VRLUE

__°°

i,o

T_VE_ OIST, Z_

1 2 0

O.000R O.OSO0 0.1000

4 5 0 7 8 9

0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

_.s o.s 1.o

]0 It

0.5000 0.6000

TRn_E m_T, _/S

PREDICTED VELOCITY CONTOURS FOR TEST NO. 3.35X33XtT, J-92.68, S/D=2.00, HID=8.00

S/DJ = 2.07 HO/OJ = 10.29 VRATIO = 6.86 TRRTIO - 0.460 DENRRTIO=2.287 TMRIN = 360.9 K TJET = 166.2 K THEB = 0.302

X/H = 0.50 X/DJ _.]4 X/H = 0.75 X/DJ =7.71 X/H = l.OO X/DJ =]0.29

, _, ._ _.® o._ _® o._ o® o_

(U_VrIR]N)IVJET {U-VMR]N )/V JET IU VMRIN )IV JET

COMPRR]SON BETWEEN DRTR £ND PREDICTIONS FOR TEST 3, 35X33XIV. SINGLE SIDED ROW OF JETS, J - 92.58 , S/D 2-00 , H/D =B.O0

Figure 16, Comparison Between Predicted

and Measured Velocity Distributions for

Test Case 3 - Table ].
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CONTOURI
VQLUE0,0SO0

2 3 4 5 5 7 0 9
0.I0000.10000.20000.25000.30180.35000.40000.4500

I0 11

O.SOOO 0.5000

i oio

PREOICTEO THEm CONTOURS FOR TEST NO.G.4-NOOE JET. J=tO7.S. S/O-2-O. H/O=8.O

(_____,o .....

Figure 17. Predicted Temperature

Distributions for Test Case 4 -

Table l.

43

= 7.72

,_z_r,zcTs,_u*

PREOICTEO THETA DISTRIBUTIONS FOR TEST NO. S.4-NOOE JET. J=107.0. S/O-2.0. HID=8.0

_foo__=.....t0.29

_rMW-r,Zf_K_Ta,



CONTOUR1 Z 0 A 5 8 7 8 0 [0 11
VALUE0.05000.10000.15000.20000.25000.30180.050O0.40000.4fi000.50000.5000

i

m,_sv_ omn _ T_vE_E OIST. _/S T_V_SE OISr. Z/S

THETR CONTOURS FOR TEST NO. S, 4-NODES, J=]07.78. S/D=2.0. HID=8.0

7_j....,j'\i

_e._ s ,._

T_E_SE OIST. ZIS

8/DJ = Z.57 HO/OJ = 10.29 VRBT[O = 6.86 TR@TIO = 0.460 BENRRT[O=2.B87 TMRIN = 649.7 M TJET = 29g.Z K TMEB = 0.00Z

X/H = 0.50 X/OJ =5.14 X/_ = 0.7_ X/OJ =7._I X/_ = 1.0_ X/_J =*O.Z9

,_ _ ,. ,. 1i_ _ _. ,__ _._ _o

[TMRIN-TI/t TMRIN-TJ ) (TMQ [N-T )/( TMRIN-TJI [TMRIN-T l/( TMQIN-TJ ?

COMPARISON BETWEEN OBTQ QN8 PREDICTIONS FOR TEST NO. 6. STRRIOHT DUCT. 4 NODE JET. J = 107.78 • S/D =2.00 • H/D =8.00

Figure 18. Comparison Between

Predicted and Measured Temperature

Distributions for Test Case 4 -

Table i,
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CONIOUR]

VALUE 0.0000

2 3 4 5 6 7 8 £

0.0500 0.1000 0.1500 0.2000 0-2500 0.3000 0.3500 0.4000

10 1;

0.5000 0.6000

t. ½

PREDICTED VELOCITY CONTOURS FOR TEST NO. 4. 2qX26XS, J=92.63, S/D-2.00, N/D-8-O0

= O.SO0

5.15

(u-_.l.) / V_T

= 0.750

7,72

= t.O00

10-29

PREDICTED VELOCITY DISTRIBUTIONS FOR TEST NO. 4, 27X26X8, J-92.63, S/B=2-OO, H/D-8.00

Figure 19. Predicted Velocity
Distributions for Test Case 4 -

Table i,
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-GsT_s_ PINT, Z_

CONTOUR 1 2 O 4 5 6 7 O £ 20 11

VALUE O.OOOO 0-0500 O.lO00 0.1500 0-2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

o._ o.s

PREDICTED VELOCITY CONTOURS FOR TEST NO. 4. 27X2SXS, J:92-63, S/0=2.00, H/D=8.O0

O/OJ = 2-5"/ HO/DJ = 10.29 VRATIO - 6-86 TRBTIO = 0.460 DENRBTIO-2.287 TtlI:I]N = 360.9 K TJET = 166.2 K THEB = 0.302

X/H = 0.50 X/DJ _.]4 X/H = 0.'75 X/DJ =7.'71

( U-VHAIN l/V JET ( U-VM£IN)/VJET ( U-VMRI N l/V JET

X/H = 1.oo xtoJ =io._9

COMPARISON BETWEEN DATA AND PREDICTIONS FOR TEST 4, 27X2DX8 . EINGLE SIDED ROW OF JETS. J : £2.63 , OlD -2.OO , HID -D.O0

Figure 20. Caparison Between Predicted

an0 Measured Velocity Distribut%ons for

Test Case 4 - Table 1.
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CONTOURt
VRLUE0.0500

2 3 4 O O 7 8 £

O.tO00 0.1500 0.2054 0.2500 0.3000 0.3500 0.4000 0.5000 0-6000 0 .'7000

PREOICTEO THEm CONTOURS FOR TEST NO.SO, TM=CONST. J=25.48, 5/0=2.83, H/O=S.66

d>--_,_ _. _ _:.....,.68

cr_m _,_crmE_,

6--!_7-_'_ _ _°_:_°

PREDICTED THETR DISTRIBUTIONS FOR TEST NO. 50, TM=CONST, J=25.48, SID=2.83. HID=S.O8

×IOJ _ 6_74

Figure 21. Predicted Temperature

Distributions for Test Case 5 -

Table I.
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3

O.t50o

9 lo tl

o.SO00 0.6000 o.ryooo

TNETA CONTOURS FOR TEST _0,50, TM=CONST, J=ZS.48, S/0=2,8, N/0=5"7

_.5 e.S

T JET = 29£.5 _ THEB = 0.205

X/H = l .co x/#J =8.74

:',

ITMRIN TllrTM_N Td)

COMPARISON BETWEEN DATA AND PREDICTIONS FOR TEST NO. 50, TEST SECTION I, TM = CONST J - _5.48 , S/O =2.83 . H/O -51_

Figure 22. Comparison Between

Predicted and Measured Temperature
Distributions for Test Case 5
Table i,

4B



CONTOUR I

VALUE 0 -0000

2 6 4 5 6 '7 8 9

0.0600 O.lO00 0.;600 0.2000 0.2500 0.3000 O.O600 0.4000

10 ]1

0.5000 0.6000

PREDICTED VELOCITY CONTOURS FOR TEST NO. S,35X33X17, J-25-48. S/D=2.83. H/D=5.66

Figure 23. Predicted Velocity

Distributions for Test Case 5 -

Table I.

49

x/Ho : 0.500

X/DJ = 3.37

,_NJ z VET

PREDICTED VELOCITY DISTRIBUTION5 FOR TEST NO. 5,35X33XIT, J:25.48. 5/0=2.83. H/D-5.56

4>__=,_ . 674.....



CONTOUR

VALUE

1 2 3 4 5 6 7 8 9

O.OOOO 0.0500 0.I000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

r_NSVEeSE 01_. z/s

I0 II

0.5000 0.5000

T_NSVEe_ DIS1, Z/S

PREOICTED VELOCITY CONTOURS FOR TEST NO. 5,SEX33X17, J-25.48, S/D-2.83. H/O=S.65

S/DJ 3-37

x/u - 0.2S x/oJ =1.Be

(U-VMRINI/VJET

HO/DJ = 6.74 VRRT]O = 3,4] TRRTIO = 0.464 DENRAT]O=2.191 TNRIN = 358.3 K

X/H = 040 x/DJ =3-37

[U VMRINI/VJET

TJET - 166.4 K THEB = 0.205

x/_ = 1-00 X/OJ -6.74

..... _.® _ o._ o._

(U VM_INI/VJET

CONPRRISON BETNEEN DgTD RND PREDICTIONS FOR TEST 5, 35XS3X17, S]NOLE SIDED RON OF JETS, d = 25.48 S/D -2.83 , H/D =5,66

Figure 2_. Comparison Between P:edicted

and Measured Velocity DistributJons for

Test Case 5 - Table ].
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CONTQLIR t

VRLLE 0.0500

2 3 4 E 6 7 0 9

O,tO00 0.1500 0.2054 0.2500 0.3000 0.3500 0.4000 0.4500

1 1

lO tt

O .5000 0.5500

PREOICTED THETA CONTOURS FOR TEST NO.50. TM=CGNST. J=25.48. S/0=2.83. H/D=5.66

= 1.63

Figure 25. Predicted Temperature

Distributions fo_ Test Case 6 -

Table 1.

___ .....
= 3.37

PREOICTEO THETg DISTRIBUTIONS FOR TEST NO, 50. T_=CONST, J=2$.48*S/O=2.83,H/D=5,66

c_>__ _-=,ooo
6.74

c_wc_TJ,



CONTOUR I 2

VRLUE 0.0500 O.tO00

_ _ ,

t_ z.o

3

0.1500

4 5 6 7 B

0.2054 O.25OO 0.3000 0.3500 0.40OO

1 o _.s o.s

_ ot_. _s r_we_ olsr. _s

9 10 It

O.4500 0 -5000 0.5500

T_r_ OE6T, zl_

THETA CONTOURS FOR TEST NO.S0, TH=CONST, J=25.4B, S/0=Z.83, H/D=5.S5

5/oJ : 3.37

x/8 = 0.25 X/OJ :t .SO

¢= ',= ¥. ,,=

( TMRIN-TI/( TMRIN-TJ )

VRRTIO = 3.4t TRRTIO = 0.464 DENRRTIO=2.191

X/d = O.SO X/OJ -_.37

rf,_ " " °,=

( T1.1R[ N-T i / ("[*l'_li N-TJ ]

T_[N = 644.9 K TJET = 300.H K THEB = 0-205

X_ = 1-0o X/OJ =S.74

I1 .

t TMRIN-T I/ITHRIN-TJ ]

COMPRRISON BETHEEN DRTQ QND PREDICTIONS FOR TEST 50, TM=CONST, TEST SECTION i, J = 25.48 , S/D =2.83 , H/O =5-66

9'igure 26. Comparison Between

Predicted and Measured Tem era ure
Distributions foz Test Case 6

Table i.
52



CONTOURI
VALUE0.0000

2 _ 4 5 B 7 8 9

O.05OO 0.1000 0.1500 0.2000 0.2500 O.RO00 0.3500 0.4000

10 11

0.5000 O.BO00

PREDICTED VELOCITY CONTOURS FOR TEST NOI 6,32X29X21, J=25.48. S/D=2-83, H/D=S.68

x/HO = 0.5O0

x/od = 3.37

[u-u_]NJ 2 V_T

Figure 27. Predicted Velocity
Distributions for Test Case 6 - Table I.
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CONTOUR

VALUE

1 2 3 4 5 6 7 8 9

O.O000 0.0500 O.;O00 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

i_*_ Dist. _,-s Te._es¢ _lsT. zJs l_E_ o_sr, z/s

10 II

0.5000 0.6000

2
-o.s o.s

PREDICTED VELOCITY CONTOURS FOR TEST NO- 6,32X2£X21, J=25-48, S/D:2.83, H/D=5.6S

S/OJ - 3.3? HO/OJ : 6,74 VRATIO = 3.41 TRATIO - 0-464 DENRRT]O-2.tg[ TMR]N : 358.3 K TJE] - 166.4 K THEB = 0.205

X/H = 0,25 x/oJ =1.68 X/H = 0.50 X/DJ -_3.37 X/H = ].00 ×/DJ =6.74

i .," _'° ]

_ "._ ° o

[u VMRINIlVJET [U VHAINI/VJEI (U-VMRINI/VJET

COMPARISON BETNEEN DATA RND PREDICTIONS FOR TEST 5, 32X29X21, SINCLE SIDED RON OF JETS. J = 25.46 , 5/D -2.83 • H/D =5.68

Figure 28. Comparison Between Predicted

and Measured Velocity Distributions for

Test Case 6 - Table i.
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CONTOURI

VALUE 0.0600

2 3 4 O O 7 8 O

0.1200 0.I800 O.Z400 0.2705 0.3SO0 0.4200 0.4800 0.5400

I0

0.6000

PREDICTED THETR CONTOURS FOR TEST NO-2, FINE OR IO, J-21.59, S/D=2.0, H/O=4.O

_X/HO = 0.5OO

!_7-- X/SJ Z.S8

X/DJ : 3.87

,_i_r,mmz_rJ_

PREDICTED THETR DISTRIBUTIONS FOR TEST NO. 2, FINE ORID, J=21.59. S/O=2.O. H/D=4.0

Figure 29. Predicted Temperature

Distributions for Test Case 7 - Table 1.
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CONTOUR I 2

VRLUE 0,0600 0.1200

i i
1,o L

3

0.1800

4 5 0 7 8 £ lO

0,2400 0.2"/05 0.9600 0.4200 0.4800 0.5400 0.6000

....... .o _ _° L o!.o _,o
le_sve_s¢ DIST. L'S reA_sv_s_ _IST. Z/S

rR_Se[_SE 01ST. _,S TRA_SVE_g n[S_. Z,S

THETR CONTOURS FOR TEST NO. 2. TN=CONST, J=Z].S�, S/0=2.0. H'O=4.0

S/OJ = Z.58 ftO/OJ = 5.16 VRRT[O = 3.t8 TRRT[O = 0.473 OENRRTIO=Z./_Z [It£[N = _51.2 K TJET = 308,0 K THEB = 0.271

×/H = O.SO ×/Od _.58 X/_I = O.75 XzOJ -_.87 X/H = l.O0 X'OJ _.;6

( TMAIN-'r )/[ YM_[N-TJ ) (_t_R IN- T_/( TNR IN-T J) r "Mn IN Y_/_ TMR['4-TJ _

COHP£RISON BETNEEN ORTA RNO PREDICTIOqS FOR TES 7 NO. OZ, TES- SECTIO_J [. TM = CONS T , J = 21.59 • 8/0:2188 , H/O :4.00

Figure 30. Comparison Setween

Predicted and D_easured T_perature

Distributions for Test Case 7 -

Table i. 56



CONTOUR l 2 3

VALUE 0-0000 0-0500 0.1000

4 5 6 7

0.1500 0.2000 0.25OO 0.3000

_ , _ ,_.o

-_.5 ,.5 ID

8 9

0.3500 0.4000

lO I]

0.5000 0.6000

PREDICTED VELOCITY CONTOURS FOR TEST NO- 7,45X23Xlg, J=18.sg, S/D-2.00, H/0=4.00

i, 7oj=o2:_o

Figure 31. Predicted Velocity
Distributions for Test Case 7 -

Table I.
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<:[:>__ x/Ho: o.Tso
×/DJ = 3,87

PREDICTED VELOC]T¥ DISTRIBUTIONS FOR TEST NO, 7, 45X23Xlg. J-18.59, S/0-2.00, H/0=4.00



CONTOUR

VALUE

-o.s Q.5
TR_S_S( DIST, Z/S

] 2 3 4 5 B 7 8 R

0-0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3000 0.40O0

.0 -o,s o._ ,_

lO 11

0.5000 0.6000

T_SVE_ DIS_. Z/S

PREDICTED VELOCITY CONTOURS FOR TEST NO. 7,45X23X19. J=18.59, S/0=2.00, H/D=4.00

l_.svE_ _[sr. z/s

S/DJ = 2.58

X/H = 0.50 X/OJ _ .58

;o'i °® o_

IU-VMRIN l/VJET

VRATIO = 3.18 TRAT]O = 0.433 DENRBTIO-2,1O2 THAIN = 36].8 K TJET = ]71.1K THEB - 0.27]

X/H : 0.75 X/DJ :9.87 X/H : 1.00 X/OJ _.16

IU VMRIN]/VJET (U-VHAINI/VJE_

COHPORISON BETWEEN O£TA RNO PREDICTIONS FOR TEST 2. 45X23X]9, DINGLE SIDED RON OF JETS, J - 18.59 • S/D =2.00 , H/D -4.00

Figure 32. Comparison Between

Predicted and Measured Velocity
Distributions for Test Case 7 -

Table 1.
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CONTOURt
VALUE0.05002 3

O.IO00 0.1500

4 fi 5 7

O.tOl5 O.250O 0-3000 O.35OO

r_RSE OmT. U_

8 9

0.3750 0 -4000

T_V_OE BraT,Z/S

PREDICTED THETA CONTOURS FOR TEST NO.4, FINE OR IO, J=2S.SD, S/0=4.0, H/O=4.0

Figure 33. Predicted Temperature

Distributions for Test Case 8 -

Table i,

__o_ ;2°

,_IN-TJ/,T_,_TJ,

PREDICTED THET£ DISTRIBUTIONS FOR TEST NO- 4, FINE C4RIO, J=26;68. S/O=4.0, H/D=4.0

Erm,_T,m_I_rJ,



CONTOUR I 2

VRLUE 0.0500 0.1000

3 4 5 6 7 8 9

0.1500 0.1915 0=_500 0.5000 0.3500 0.3?50 5.4000

T_SE DIST. _/S

-o.5 o.n
rR_E O_ST, Zi_

THETA CONTOURS FOR TEST NO 4, TM=CONST. J-25-7, S/D=4.0. H/B=4,0

SIOJ = 4.87 HO/Od = 4.87 VRRTIO = 3.50 TRRT[O = 0.487 DENRRTIO=2.174 TIIRIN = 6SI.2 K

X/M = O.SO X/OJ _.4_ X/H = O.;S X/OJ _.65

_o= %= .-= %.,, qo= o= o_ *_

? ,'

_M_N-T_/(T_I_-TJ] [TMRIN-T)/{ TtIRIN-TJ_

TJET = 304.0 K THRB = 0.19_

X_H = l.oo x/o.; =4.B'7

CONPRRISON BETNEEN ORTQ RNO PREOICTIONS FOR TEST NO- 4, TEST SECTION [, ONE SIOCO , d = 26.68 . S/O =4.00 , N/O =4.00

Figure 34. Comparison Between
Predicted and Measured Temperature

Distributions for Test Cas_ 8 -

Table 1.
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CONTOURI
VALUE0.0000

2 3 4 S 6 ? 8 0

0.0500 O.lO00 0.1500 0.2000 0-2500 0.0000 0.0500 0.4000

I0 11

0.5000 0,6000

PREDICTED VELOCITY CONTOURS FOR TEST NO. 8.40XZ3X21, J-23.51, S/D-4-O0, H/0=4.00

<_1>"_ _ x/NO = 0.500

x/oJ = 2_43

C_[:> -k ---'_ _h _ _ _ _

_"_ _ x/HO = 0.750

×/OJ _ 3_65

t_R,_ i V_T

PREO_COEO VELO01T¥ DISTRIBUTIONS FOR TEST NO_ 8_ 40X23×21_ U_23_$I• S×D_4_00_ Ni0_4_00

Figure 35_ Predicted Velocity
Dis_c_ibu_'_ons for Tes_" Ca_ 8 _ T_bl_ _

6_



CONTOUR

VALUE

U.5 0.5 "

I 2 3 4 5 6 7 8 9

0,0000 0.0500 O.lO00 0,1500 0.2000 0.2500 0.3000 0.3500 0.4000

H

3 L

I_E Dist. us r_ 01_T, Z/S
1_vEe_ DI_I, Z_S

lo 11

0.5000 0.6000

_.s o.5
I_N_VEe_ reST, z/_

PREDICTED VELOCITY CONTOURS FOR TEST NO. S,40X23X21. J=2B-51. S/0=4-00, H/0=4.00

$/DJ = 4.87

X/H = 0.50 x/uJ =2.43

VRRTIO = 3-50 TRRT]O - 0.467 DENRf_TIO=2.tq4 TrlRIN 361.8 K TJET - 168,9 K THEB - 0.192

X/H : 0.TS X/OJ _.BS X/H 1.00 X/UJ -_.e7

_ t

, _,_ o_ o_ _ _._ o_ _._ o_ o._

(u VMnlNI/VJET [U-VMRINIIVJET

COMPRBISON BETWEEN DATR AND PREDICTION5 FOR TEST 8, 40X23X21, SINOLE SIDED ROW OF JETS, J : 23-51 . S/O -4.00 • B/D -4,00

Figure 36. Comparison Between Predicted

and Measured Velocity Distrlbutlons for

Test Case 8 - Table I.
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CONTOUR1

VRLUE 0.0250

2 3 4 5 6 "7 8 O

0-0750 0.1074 O. _'750 0.2250 0.2'750 0.325O 0.3'750 0.4250

'_ '} t, ,[

_o._ o.°,.o _.....

PREDICTED THETR CONTOURS FOR TEST NO-2. FINE CRIB. d=S.14. S/O-4.0. H/D=4.0

0.500
2.34

X/HO = 0.75O

, X/OJ = 3.51

PREDICTED THETR OIOTRIBUTIONS FOR TEST NO. 2, FINE GR_5, J=6.14, $/O=4.O, H/D=4.0

_igt, re 37. P_ediete_ Temperature
D£stribut£ons _or Test Case 9 - Table 1.

63
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CONTOUR 1 2 3 4 _ 6 7 8 0

VRLUE 0.0250 0,0750 0.1074 0,1750 0.2200 0.2750 0.3250 0.3750 0-4250

44 O.5 0 O-_ID I.e

TR.N_ERSEOlSt, Z/S T_NSV£_ OIST, US IR_SV_[ O{ST, Z/S _S_ O[SL Z/8

THETO CONTOURS FOR TEST NO,Z, TN:COIIST, JzS,14, S/0=4,0, H/O:4.0

,4

T_RSE O[S_, Z/S

S/OJ = 4.68 aO/Oa = 4.68

X/H = O,SO X/OJ _,34

(TMnm-T_/_ TMnm-rJ 1

VRATIO = 1.70 TRmIO = 0.473 BENRm[O=2.122 TMftIN = 649,3 K TJET = 308_9 K

×m = o.Ts x/BJ _.sl

CrM_IN_T J/_ TMAIN_TJ_

COMPARISON BETHEEN DRTA RND PREDICTIONS FOR TEST NO, 2, TEST SECTION I, TM = CONST , J = 6,14 , $/0 =4.00 , H/O =4-00

Figure 38. Comparison Between

Predicted and #:easured Tempeiature

Distributions for Test Case 9 -

Table i.
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CONTOURi
VQLUEO.0000

2 3 4 5 6 ? 8 9

0.0500 O.lO00 04500 0.2000 0.2500 0.3000 0.3500 0.4000

10 11

0.5000 O.BO00

PREDICTED VELOCITY CONTOURS FOR TEST NO. 9. 40X23X21, J-S.31, S/D-4.00, HID-4.00

I_ x/uo = 0.500 = 0.TSO

PREDICTED VELOCITT B]STRIOUHON5 FOR TEST NO. 9. 40X23X2], J=5.3], 5/D=4.DO, H/O-4.OO

Figure 39. Predicted Velocity
Distributions for Test Case 9 - Table 1.
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CONTOUR

VALUE

0.5 _.S
T_S_ OISr. Z_S

1 2 0 4 5 6 7 8 9

O.OOO0 0.0500 O.lO00 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

r_RSE DIST. _JS

tO ;]

0.5000 0.6000

°°
i.o

rRR_vE_ OILY. Z/5

PREDICTED VELOCITY CONTOURS FOR TEST NO- 9, 40X23X21, J-5.3], S/0=4.00, H/D=4.00

.s o._

S/OJ = 4-68

x/, = O.SO xmJ _.34

cU-VMRIN )IV JET

VRRI]O - 1.70 TRRT]O = 0.4"Y3 OENRBTIO-2.I02 TMFIIN - 360.7 PC TJET = ]'70,5 K IHEB = 0.107

X/H = 0.75 X/OJ =_.51 ×/H = l.OO X/DJ =4.68

cU-VMRIN l/V JET {U-VMRI N)/V JET

COMPRR]SON BETNEEN ORTR RND PREDICTIONS FOR TES1
9, 40X23X21, SINOLE S]OED RON OF JETS, J 5._1 • $/D =4.00 • H/D =4,00

Figure 40, Cont_arison Between

Predicted and Measured Velocity

Distributions for Test Case 9 -

Table I.



CONTOUR]

VRLUE 0,1000

x.o

T_OIST. ZJS

2 3 4 O 6 ? 8 9

0.20O0 0.3000 0,4000 0,4500 0.5000 O.5OO0 0,6000 0.0500

_RSE oIsr. Z/S

tO 11 12

0.?000 0.7500 0,8OOO

°°
_E_E OlST, _S

PREDICTED THETR CONTOUR8 FOR TEST NO,t3, TOP COLD, J=22,63, S/D=2.O, H/0=4.0

c:b.-__ __:_o

tmR,N-,,mmIN-TJ,

" ×/HO = O.'/SO
_d = 3.a4

PREDICTED THETR B[STR[BUT[ON$ FOR TEST NO. [3. TOP COLD, J=Z2,63, S/0=2,0, H/0=4.0

Figure 41, Predicted Temperature

Distributions for Test Case i0 - Table I.

67

5.1Z



CONTOURl 2 3

VALUE 0.1000 0,2000 0.3000

4 5 6 ? 8

0.4000 0.4500 0.5000 0.5500 0.6000

-o._ o._ I___ _
T_A_VC_SE _IST. _

£

0.6509

[0 ll 12

0.7000 0.7500 0,800o

THETR CONTOURS FOR TEST NO. 13, TOP COLD. J-22.63, S/0-2.0, H/D=4.0

$/oJ = 2.56 HO/OJ = 5.1Z VRAr[O - 3.54 TRATIO _ 0.560 OENRRrIO_ ] .805 TMR[N - 748.7 K TJET - 293.5 K 7MEB - 0.312

X/_ = O.SO ×/_J _.Se X,'_ = 0.75 X/OJ _,84 X/H = t.O0 X/O,_ _._Z

[TMAX-TllITMRX-TJ) tTMAX-_]I_TMAX TJ) (_MgX T)/ITM_×-TJ_

ROMPRRISON BETWEEN ORrQ RNO PREOICT[ONS FOR TEST NO. 13, TEST SECION [. TOP COLD _4 . d - 22.63 , S/O =2,00 , H/O -4.OU

Figure 42. Comparison Between

Predicted and aeasured Temperature

Distributions for Test Case i0 -

Table i,



CONTOUR]
VALUE0.0000

G.5 ,.s I'D

2 3 4 5 6 ? 8 0

0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

-o.s ,,51"°

tO II

O .5000 0,6000

TR_N_VE_E DI_T, Z/S

PREDICTED VELOCITY CONTOURS FOR TEST NO.IO,TOP COLD, J=31-79, S/D=Z-O0, HID-4.00

0,500 _i_ _ x/HO = 0.7502.56 x/BJ = 3-84

(_--_-_° _ ....

x/HO = t.O00

DJ 5.12

PREDICTED VELOCITY DISTRIBUTIONS FOR lEST NO. ]0.45X23Xl£, J:31.79. $10-2.00, H/0=4,00

Figure 43, 2redicted Velocity
Distributions for Test Case 10 - TabZe L.



CONTOUR

V_LUE

T_SVE_SE DIST. Z_S

i Z 3 4 5 6 7 8 £

O.O000 0.0500 0.1000 0.]500 0.2000 0.2500 0.0000 0.3500 0.4000

,.D _.5 o._ i.o

T_S_eSE OIsr. zrs
T_ DESk, Z_ 1_VE_ DIST, Z/_

10 l]

0 .SoOo 0.6000

T_aVER_ nlST, Z/S

PREOICTED VELOCITY CONTOURS FOR TEST NO.IO,TOP COLD, J=31,79, S/O=2.00. H/O-4-O0

iR _o.o

I.Q

$/DJ : 2-56

X/H = 0.50 x/OJ :2.56

._._ .o._ _.® o._ o._ o._

VRRTIO = 3.54 TRDT]O = 0.560 DENRRT)O= 1.805 IMFIIN = 415.0 K TJET - 1634 K THEB : 0.651

X/H = 0.75 X/BJ =S.84 X/H = 1.00 X/DJ _.12

(U-VIIRINI/VJCT _U-VIIQINI/VJET

CONPRRISON BETNEEN OAT9 RND PREDICTIONS FOR TEST IO.45X23X10.TOP COLD M_INSTREAN PROFILE.J : 31.79 . S/D :2.00 , N/D :4.00

Figure 44. Comparison Between Preaicted

and Measure0 Velocity Distributions for

Test Case 10 - Table i.
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CONTOURI

VALUE 0.0SO0

_ ozsr, us

2 S 4 5 S 7 B S

O,lO00 O.ISO0 0.2000 0,2500 0.3179 0.3500 0.4000 O.BO00

! t

r_-_e_ o_sr. ixs

PREDICTED THETA CONTOURS FOR TEST NO.2,OPPOSED(INL), J=24.95, 8/0=2.0, H/D=8.O

10 II

0.6000 0.70OO

d_ j

C_E_nA_E_TUJ

PREOICTED THETA DISTRIBUTIONS FOR TEST NO. 02, IN-LINE, J=S4,95, 8/0=2.0. H/D=8.O

Figure 45. Predicted Temperature

Distributions for Test Case ii Table i,
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CONTOUR ] 2

VRLU£ 0.050O O.tO00

1,o i.a

T_VE_S_ OISr, Z/_

3 4 5 6 7 8 9 lO 11

0._500 0.2000 0,2500 0.3179 0-3500 0.4DO0 O.SOO0 0.6000 0.7000

.... ,.............._2 .............. -°°,............ _2TP,m_.,_s[ ois;. z/s

THETR CONTOURS FOR TEST NO. 2, IN-LINE, J=24.95, S/0=2.0, H/O=8.0

i

L.u

$/od = 2,48 HO/OJ : 9.92 VRRT[O = 3.42 TRRTIO = 0.4?4 OENRRT[O= 2.135 TNAIN = 646.6

x/_ = 0.2_ x/oJ _.4e x/H = o.so x/oJ _.96

[TM_IN-T_/rTM_IN-TJ) [TMflIN TI/rTMfllN-TJI

TJET = 306.8 _ THE5 = 0.318

Xm _ 1.00 X/OJ _.S2

_t : -Y

[rMAIN rIIeeMAIN-TJI

COMPRRISON BETNEEN DRTQ QNO PREOICTIONS FOR TEST NO- 2, TEST SECTION I, OPPOSEO (INL), J : 24-95 • S/O =2,00 , H/O :8-00

Figure 46. Comparison Between

Predicted and Measured Temperature

Distributions for Test Case ll
Table 1.
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CONTOURI
VALUEO,DOO0

I oo

no
f f

-o._ 1.5
re_eR_ o,sT. zJ_

2 S 4 S 6 7 6 9

0.0500 0.1000 0.1500 0.2000 0.2500 O.SO00 0.3500 0.4000

f f
-0.5

IRBWS_R_ DIST. Z/S

PREDICTED VELOCITY CONTOURS FOR TEST NO, 11, IN LINE, J=24.94, S/D=2.00. H/D=8,00

10 II

0.5000 0.6000

f f
-0.5 ,.S

rR_WR_ DIST. Z/S

,u-u_iN,z vlv

Figure 47. Predicted Velocity

Distribution for Test Case ii -

Table I.
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c>--_t--. _. ,,HoO:..... _. = 9,92

PREDICTED VELOCITY DISTRIBUTIONS FOR TEBT NO.I], 35X33XI7, J=24.94, 5/0=2,00, M/Dr8,OO



CONTOUR1 2 3 4 5 6 7 8 0 10 11
VALVEO.OOOO0.0500O.iOOO0.15[)00,2O000.25000.90000.95000.40000,50000.O000

Te_S_R_OIST,Z/S -0._ o._ D,S 0._ -O.S O.S -o.5 O._
1_V_,_ OZST, Z/S rRn_SVERS_01ST. Z_S T_SVE_Z oJsr, Z/S

PREDICTED VELOCITY CONTOURS FOR TEST NO-ll. IN-LINE, J=24-95, O/O=2.00. H/D=8.00

9/Od = 2.48 HO/OJ = 9.99 VRRTIO = 9-4Z TRATIO = 0.4?4 DENRRTIO=2.195 TMAIN = 359.2 K TJET = ]70.4 _ THE8 = 0,318

X/H = 0,25 X/OJ _.48 %/H = 0.50 X/BJ -_4,98 X/H : [.00 X/DJ _--9,92

i ° ° " N ", , ,
°,°]

(u VMRIN )IV JET (U-VMAIN )/VJET [U-VMAIN]/VJET

COMPARISON BETNEEN DOTA AND PREDICTIONS FOR TEST II,39X33Xlq,OPPOSED IN LINE RON OF JETS.J = 24.94 , S/D =2.00 . H/O =8.00

Figure 48. Comparison Between Predietee

and Measured Velocity Distributions for

Test Case ii - Table I.
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CONTOURI

VALUE 0.O500

'°
t.*

2 O 4 S 0 7 S 9

O,IO00 O.ISO0 O-SO00 0.2500 0,327t 0,3500 0.4000 0-5000

i

IB tl

0.6000 0.7000

_.s t m
_Nsvo_ 0i_T, z/s

PREDICTED THETR CONTOURS FOR TEST NO.E8,OPPOEED[STG], J=26,42, S/D=4.0, H/O=4.0

........ _*7--

x/od = 1.24

Figure 49, Predicted Temperature

Distributions for Test Case 12 - Table i.
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PREDICTED TBETR DISTRIBUTIONS FBR TEST NO, 28, STRCGENEO. J:26.42, S/8=4.0, HID=4,



CONTOUR I 2 3

VALUE 0.0500 O.IO00 0.1500

i.o

6

4 O 6 7 O 8 I0

0.2000 O .2500 0.3271 O.3500 0.4000 0.5000 0 .SOOO

i
,.ot.o

THETfl CONTOURS FOR JEST NO. 28. STAggERED, J=26.4. S/D=4.0, H/D=4.0

11

0,7000

"°
1.o

m_vl_t_Dlsr. _8

i ,.o

sloJ = 4.97

XIH = 0.25 xloJ =1-24

i ,,

_ o ,

_TMRIN-T_/_T_IN-TJ)

VRATIO = 3.53 TR.qTIO = 0.47'7 OENRRTIO=2.125 TMAIN = 644.7 K

X/II= {I.50 X/OJ _ .4S

{TMRIN-T]/( TMRIN-Tdl

TJET = 307-4 K THZ8 = 0.327

XIH = l.OO X/OJ -_._

_TMAIN-T)/_TMRIN-TJI

COMPARISON BETWEEN ORTA AND PREDICTIONS FOR TEST NO. 28, TEST SECTION I. OPPOSED (STG), d = 26.42 • $/0 =4.00 . H/O =4.00

Figure 50. Comparison Between

Predicted and Measured Temperature

Dis£ributions for Test Case 12 -

Table _,



CONTOUR1 2 3

V_LUE 0-0000 O.OSO0 O.IO00

_ANSVE_E OJS,,ZrS

4 5 S 7

0.1500 0-200O 0.2SO0 O.3000

-_.s I.Q
T_NSVE_SE DIS_, Z_S

8 g

0-3500 0.4000

10 I1

O-5O0O 0.6000

o.5 ,._
T_S_R_ DIS1. Z/S

PREDICTED VELOCITY CONTOURS FOR TEST NO.12,STRGCERED,J=28.41, S/D-4-O0, H/D-4-OO

X/HO = O.250

X/OJ 1.24

X/UO = 0.500

X/DJ _ 2.48

CO._._. z. ,_ '_ .....

4>---_-

= X/HO = 1.000

........ X/OJ = 4.97

Figure 51, Predicted Velocity

Distributions for Test Case ]2 - Table I.
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_' 00

-_.s o.s
1_NSVER_ OIS_. Z/S

CONTOUR I 2

VALUE 0.0000 0-0500

,.

s

3 4 O O 7 8

0,I000 0,1500 0.2000 0.2500 O,OOO0 0.3500

io ,.o

o.5 r_NSVE_E O_Sl.Z/S O.S o._ T_,C_SE _ST. _S O.S

0 10 It

0.4000 0.5000 0.6000

o._ o.s
m_SVERSE OIST. Z/S

PREDICTEO VELOCITY CONTOURS FOR TEST NO.12.STAOOEREO.J-26.41. S/O=4.OO. H/D:4.00

_ 1o

$/0J = 4.97

X/H = 0.25 X/DJ =] .24

(U-vf_qIN_/VJET

HO/DJ 4.97 VRRTIO - 3,53 TRRT]O = 0,477 OENRATIO=2.]25 T_R]N - 358;2 K _JET - ]70.8 K THE8 : 0.32?

X/H = O.5O X/DJ =_.49 X/H = bOO X/DJ =4.97

ii. 
(U_VM_IN)/VJET IU_VMnIN)/VJ£T

COMPARISON BETNEEN DATA AND PREOICI[ONS FOR TEST 12, 22X27X33. OPPOSED STAOOERED JETS, J - 26.4] . S/D -4.00 . HID -4.DO

Figure 52. Comparison Between Pre6icted

and Measured Velocity Distributions for

Test Case 12 - Table ].
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CO_TOURI
¥@LUE 0-0500

oi,.o

2 O 4 5 6 ? 8 £

0.0'750 0.1048 0.1250 0.[500 O.WSD 0.2000 O,2SOO 0.0000

10

0.4OOO

o I,a

PREDICTED THET_ CONTOURS FOR TEST NO, l, TN:CONST, J:28.37, S/D:4,O. H/O:8.0

3 : :il

X/DO = 5.14

ET_I_T'Z,T_I_TJ,

!!_ _S_=_:;_° " X/HO = 1,000

PREDICTED THETR DISTRIBUTIONS FOR TEST NOI Z3 ,TNrCONST, J:26.37, S/D:4.0, H/D:8.0

Figure 53. Preaicted Temperature

Distributions for Test NO. 13 - Table 2,



CONTOJ_ 1 2

VALUE o.nsoo 0.0750 0.1048

4 6 7 8

0.1250 0450o 0.t750 o.2000 0.2500

,,a __,4

o,_ o,s

S

o .3000

10

0.4000

PREDICTEO THETR CONTOURS FOR TEST NO. t, TM=CO_ST. J=28.37, S/D=4.0. H/D=8.0

S/OJ = 5.14

X/H = o.so x/oJ _.;4

(TMAIN-T]I(TMAIN-TJ)

VRRT[O = _.47 _RRTIO = 0.464 DENRRT[O=2,192 TMAfN = 651-4 K T JET = 30Z.I K TffE_ = O.tOS

X'_ = 0,?_ X/OJ =7.71 X/4 = I.OO X'OJ =_O,Z9

;' .) )

hi." i
• = - _

COMPRRISON BETNEEN DRTR RNO FREOICTIOHS FOR TEST 13, TM=CONST. S[NC_E SIDED INJECTION , I = 28.37 , S/Q =4.00 , HID =8.00

Figure 54. Comparison Between Preeicted

and Measured Temperature Distributions for

Test No, 13 - Table 2.
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CONTOURI

VALUE 0-0000

2 O 4 5 6 7 8 9

0.0500 0.]000 0.1500 O.2OOO 0.2SO0 0.3000 0.$500 O.4OOO

10 i1

0.5000 0.6000

_. _. o.o

PREDICTED VELOCITY CONTOURS FOR TEST NO. 1,3BX2£XIS. J=28.37. S/D=4.00, H/D-8.00

(_>.. _ -_. "° "_ ......

S.14

_;_: _7,.....

PREDICTED VELOCITY DISTRIBUTIONS FOR TEST 13.36XZ9X19, J-28.oq,s/D-4.00.H/D=S.O0

Figure 55. Predicted Velocity

Distributions for Test NO. 13 - Table 2.
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SONTOUR t 2

VALUE 0.0000 0.0500

3

O.tOO0

4 5 6 7 B £ 10 11

04500 O,ZO00 0.2500 0.3000 0,3500 0.4000 0.5000 0.6000

°" _ °° 5i.

,.o i o ,.a

PREDICTED VELOCITY CONTOURS FOR TEST NO, 1,TM=CONST, J=28-37, S/D=4.00. H/D=8,00

1.o

S/OJ = 544

xlH = 0,50 x/oJ _.14

VRRTIO = 3.4"7 TRR'(IO = 0.464 OENRRTIO=Z,192 TMRIN = 6St .4 }I

X/H. _.7_ xmJ =7.71

L
i \'-.

] i':

T JET = 302,1 K fHEB = 0405

X/H = 1.00 X/On =I0,29

_I " °o

_q "..

I U-VN_IN)/VJET

COMPARISON BETWEEN DRTR RNO PREDICTIONS FOR TEST ]3. TN=CONBT, $IN__E S[DEB INJECTION J = $8,B7 , B/O =4,00 , H/O =8,00

Figure 56. Comparison Between _redicted

and Measured Velocity Distributions for
Test NO, 13 - Table 2.
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CONTOUR

VgLUE

I 2 3 4 8 6 / 8 9 10 tl

0.0_00 O.tOOO 0.1500 O.SO00 0.2500 0.32:_ _.3268 :?.4000 0.4500 8-5000 0.6000

{

i .... Io i

PREDICTED THETR CO_JTOURS FOR _£ST \JO. ?, P[ RTE H3, J=26-27, S'0=_.83. H/0=5.86

"._ " _? t" z-

PREDICTED THETA DISTR[B!ITIONS FOR TEST NO. 14,TK=CONST. Jz26-27,S/O=2.83.H/O=5.66

Figure 57, Predicted Temperature

Distributions for Test No. 14 - Table 2.
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CONTOUR I 2

VALUE 0.0500 O,lOOO

, .0 _.o

,............... ;;°

3 4 5 0 7 8

0-[500 0.2000 0-2500 0.3000 0.3268 0-4000

L
aft

<¢_J,.e ,.D

4.5 O._

9 tO ;1

0.4800 n.SOOO O.GO_O

PREOICTEO TNETR CONTOURS FOR TEST NO. 2, PLRTE M3, J=-°8.27, S/O=2.83. H/0=8.68

o._

1.o

s/oJ = 3.5t

X/H = o.so x/As _.s_

i°- _. -° _°

_Tn_TN-T]/_ T_A[N-TJ}

HO/E_J = 7.02 VRRTIO = 3.47 T_TIO = 0.466 OENRRT[]=2.184 T_[4IN = 668-9

X/_ = 0.7_ X/OJ _.26

_4 N'..

_i . "°

r -xal i-?I/{ TMnTN-T _

TJET = 3_8.4 K THE8 = 0.32?

×/H = _.O0 X'OJ =?.OZ

CONPRRISON BETWEEN RRTR RN3 PREE;CT[ONS tON TLRT 14 ,P[ ATE _/d. RX[RI STARER TW,JECTION, J : 28-27 . BID =2-83 , H/D :5.8B

Figure 58. Comparison Between Preaictea

a_a Measurea Temperature Dis_ib_ions for
TesE _o. !4 - Table 2.
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CONTOURi
VALUE0.0ODD

2 3 4 5 B 7 8 0
0.05000.10000.15000.20000.25000.30000-35000.4O00

]0 21

0.5000 0,6000

PREDICTED VELOCITY CONTOURS FOR TEST NO. 2,41X23X21, J-26-27, S/D-2-83, H/D=5-66

_>...4>.:_ ," ......

4:>---4>:>

Figure 59. Predicted Velocity

Distributions for Test No. 14 - Table 2.

(_---<_[5-. _--" ......

lu-_1.b, v_T

4>---4>j-__"

cb4> __ ; 702.....

PREDICTEO VELOCITY DISTRIBUTIONS FOR TEOT 14,PLRTE M3,J:26.27,B/D:2.BS, H/D=5.6S



3

o.IOO0

4 5 6 7 8 9 tO 1t

O4500 0.2000 0.2500 0,3000 O.3500 0.4000 0.5000 0.6000

-0.5 0.5 _._ O.5 -D.5 _._
m_sw_ _IST. z/s _ DlSt, Z,_ x_._vE_ ozsr. Z/S

PREDICTEO VELOCITY CONTOURS FOR TEST NO. Z,PLRTE M3, J=26.27. S/D=2.SO. N/D:SISS

i_ a.o

I

S/Od = 3.5Z

X/H = 0._ X/eJ -4.51

VRATIO = 9,43 TRRTIO = 0.468 OENRRTIO=2.I84

X/H = O,7S X/BJ _.26

(U-Vt_RIN ]/VJET

TJET = 310.4 K THEB = 0.32?

X/_ = _.O0 X/m_ =?.OZ

!t /

[U-VtIRIN IlVJET

COMPARISON BETNEEN ORTQ AND PREDICTIONS FOR TEST
14,PLATE MO, AXIALLY STAOED INJECTION J = 2S-_7 , S/D =2.83 • HID =5.8S

Figure 60. Comparison Bet_,een Pre0icted

add Measured Velocity Distributions for

Test NO. 14 - Table 2.
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CONTOUR I

VRLUE 0.0500

i ,.o

2 3 4 5 6 7 8 9

O.lO00 0,]500 0,2000 0,2500 0.31i4 0.3500 0-4000 0.4500

10 ;]

0.5000 0.8000

PREOICTED THETR CONTOURS FOR TEST NO. 3. CONV DUCT, J-26135. S/D-2.00. H/D=4.00

<2>-__ ......
= 542

PRED[CTEO THETA DISTRIBUTIONS FOR TEST NO. 15,42X28XlT, J 26.36, $/B=2,00, H/D 4-00

Figure 61. Predicted Temperature

Distributions for Test NO. 15 - Table 2.



CONTOUR] 0

VALUE 0 .O50O O, tOO0

i.o

3 4 5 6 7 8 9 lO 11

0.[500 0.2000 0,2500 0.3144 0.3500 0.4000 0.4500 0.5000 0.6000

PREOICTEO THETA CONTOURS FOR TEST NO. 3.CONV DUCT, J=Z5-3S. S/D=2.00, NiD=4.OO

o.o

I.o

Tm_*m_e_ DJsT, _s

S/Od = Z,56 HO/OJ = 5.12 VRRTIO = 3,44 TRRTIO = 0.456 OENRATIO=2.2Z5 TNRIN = 650.8 K TJEI = _96.9 K THE8 = 0-314

×/U : o.so x/oJ _.se x/H = oJzs x/oJ -_.84 x/H = ;,Do x/o,J _.tz

EmaP_-T]l[TMam-XJ; {TMR]N-T_/[TMAIN-TJJ [T_RIt_-T]It TMaIN-TJ }

COMPARISON BETNEEN DRTR RNO PREOICTIONS FOR TEST 15.CONV DUCT, INCLIt_ED NRLL [_JJECTION, J = 26.35 , S/B =2,00 . H/D =4.CO

_u_ ..............................

T easured Temperature Distributions for
est No, ]5 - Table 2.
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CON]OUR t

VALUE 0.0000

_ _ oo

2 3 4 5 5 7 8 9

0.0500 O-lOOO O.iSO0 0.2000 0.2500 0.3000 0.3500 O.40OO

10 It

0.5000 O ,5008

PREDICTED VELOCITY CONTOURS FOR TEST NO. 3,CONV DUCT,J=2B.36, S/D=2.00, H1D=4.00

G> _HoOj, _:ooo

PREDICTED VELOC]TY DISTRIBUTIONS FOR TEST NO. 15,42XEDXlT, J=28.38, S/D=E.OO. H/D=4,0O

Figure 63. Predicted Velocity

Distributions for Test NO, 35 - Table 2.



CONTOUR 1 O 3 S 6 7 8 R 10 ]l

VRLUE 0.0000 0.0500 0.]000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0-5000

7_SVE_E DI_T. Z/S _,5 o._ TR_N_ER_ OJ_T. Z/S
r,mm_l_ OmT, Z/S

I

|

Te_I_R_ reST. Z/5
T_NSVERS__I_T. ZZS,.0 _ _.0

PRED]CTED VELOCITY CONTOURS FOR TEST NO. 3,CONV DUCT,J-2S.3G, B/D-2.00, H/O-4.00

S/DJ = 2.56 HO/DJ = 5.1Z VRQTIO = 3.44 TRQTIG _ 0,456 OENRATIO=2.225 TMRIN - 361.6 K TJET - 164.9 K THEB _ 0.314

Xllt = 0.50 x/DJ =2.56

!!................

X/H = 0.75 X/OJ =3.84

, , 2 °

X/" = _ IO0 X/DJ _,12

[U-VMAIN]IVJEI [U VMAIN]/VJET CU VMAIN]IVJET

COMP£RISON BETWEEN DATA AND PREDICTIONS FOR TEST 15, 42X28XI7,CONV DUCT.SLANT HALL JETS,J _ 26.36 , S/D -2.00 , H/D -4-00

Figure 64. Comparison Between Predicted

and Measuced Velocity Distributions for

Test No. 15 - Table 2.
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CONTOUR I

VALUE 0.0SO0

Z 3 4 5 0 7 8 9

0.1000 0.1500 0.2000 0.2500 0.3000 0,3338 0.4000 0,4500

-o.s o._ 1"_

I0 II

0.5000 0 .SO00

PREOICTEO THETR CONTOURS FOR TEST NO, 4,45 DEO SLOT, J=Z7,13, $/O=2,0O, H/O=4-O0

_, _,,-,-

)i

y_ .........
,DJ = 1._3

___ X'Od = 2*46

RREOICTEO THETR DISTRIBUTIONS FOR TEST NO, 16,45 DEO SLOT, J=2?,I3,S/O=Z.OO,H/D=4.

Figure 65. Predicted Temperature

Distributions for Test No. 16 - Table 2.



SONTOUR I 2 3 4 6 6 "/ 8 9 tO 11

VALUE 0.0500 O.IOCO O._SO0 0.20t]O _.25[_0 0,3[]00 0.3336 0 _4000 0.4_00 0.5000 0.6000

PREDICTED THETR COI4TOURS FOR TEST #40, 4,4,5 DED SLOT. ]=2/-lJ. D/D='£,O0* h/C=4.DD

,_o

l_VE_ OIST_ ZJS

S/OJ = 2.46 HO/OJ = 4.g2 CERr[O = 3.52 TRR[IO = 0,46_ 2ENNRT[O=2*186 TMA[N = 6/5.5 K TJEF = 314.5 K THE# = 0.33¢

Xm = e.25 X/DJ =1._3 ×m = o.so x/_,J_.46 xm = 1.00 x/oJ =4.9_

_Tnn_N-T_,'_TMnIN TJ] [rMnl_r T;/{T_tN-TJ} [?_ialN T_,'[TMaTrJ T_

SOKPRRISOPJ 6ETNEE" ?R*R R[:2 rI£21CTI&4;,P_ TE_S[ Z6,45 OEO SLOT.SINgLE SIDED "_J'__T[J_J J = 27-13 • 8/0 =Z.88 . H"2 =4.[?O

_igu_e 66. Comparison Between Pre_icte_
ana Measured Temperature D_stributions fo_

Test _o. 16 Table 2.
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CONTOUR I

VRLUE 0.0000

2 3 4 5 6 ? 8 0

0.0500 0.1000 0.]500 0-2000 0.2500 0.3000 0.3500 0.4000

lo 1;

0.5000 O.SO00

PREDICTED VELOCITY CONTOURS FOR TEST NO. 4,45X23X19, J=2?ilS. S/0:2.00. H/D=4.00

-'_'" .,4Jz

PREDICTED VELOCITY DISTRIBUTIONS FOR TEST 16, 45 OEOREE SLOT. J=27.13, 5/0=2.00

Figure 67. Predicted Vetocity
Distributions for Test No. ]6 - Table 2.
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CONTOUR 1 2 3 4 5 6 7 8

VALUE O,O00O 0.0500 0.1000 0,1500 0,2000 0.2500 0.3000 0.3500

i '

9 10 11

0.4000 0,5000 0.6000

o.o r

L.a _.s o.s

rRA_v_E DI_T. z/e _e_ ms_. z/s

PREDICTED VELOCITY CONTOURS FOR TEST NO, 4,45 BED $LOT,J=2?,IB,S/D=2.00,H/D=4.00

s/oJ = z.4S

x/H, o._B x/od =t.23

_ '.
_, •

01r o!).,o,.,
(U-VHRINI/VJET

VRRTIO = 3,52 TRATIO = 0.4B6 OENRATIO:Z.IB6 TMAIN = 6'75.5 K

Xm - O.,sO X/DJ _.4B

_=/ =' ( ' '

(U-VMR IN)IV JET

TJET = 3t4.fi K THE@ = o.334

xm = I.oo X/Od _.s_

ii
{U-VNR_N)/VJET

COMPBRISON BETWEEN ORTO RND PREDICTIONS FOR TEST I6,TM=CONBT. 45 DEO SLOT [ONE-SIDED) J = 27.13 • S/O =2,00 , HID =4.00

Figure 68. Comparison _etween

Predicted and Measured Velocity

Distributions for Test No. 16 _

Table 2.
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CONTOURI
VALUE0.I000

2 3

0.1500 0.2000

4 5 6 7

0.2500 0_3000 0.3422 0.4OOO

.o

8

0-4500

9

0.5000

10 II

0.800O 0.7OOO

!L! z;! ....

PREDICTED THETR CONTOURS FOR TEST NO. 5.PLRTE MS, J=26.79, S/D=2.83, H/O=S-SS

Figure 69. Predicted Temperature

Distributions for Test NO. 17 - Table 2.
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X/DJ = 3,4Z

(_>___ ___

PREOICTEO THETR DISTRIBUTIONS FOR TEST NO. 17, PLRTE M5, J=ZS.7S,S/D=2.83,H/S=5.66



CONTOUR I 2

VALUE 0.I000 O.t500

,,o [

_._ o.s _'_ o.6

10 It

0.5000 0.60O0 0,7000

_ _'_

c \\

w_ssve_g o:s_. z/s

PREDICTED THEm CONTOURS FOR TEST NO. 5, PLRTE NO. J=Z6.79. 6/0=2.83. H/0=6-66

S/OJ = 3.42

X/_ = 0.2S X/Od =I ,?l

_P, °p o,." '_

" .o

CT_IN-T_/CT_RIN_TJ J

VRRTIO = 3,49 TRRTIO = 0.463 OENRRTIO= 2.Z03 rMRIN = 677.2 K TJET = 313.5 _ TNEB = 0.342

X/H = O.SO X/OJ _.dZ ×/_ = _.00 X/OJ =S.e3

..U
lTMRIN-T J/( TNRIN-TJ ) (TMRIN-T ]/( TtIRIN_TJ )

CONPRRISON BETHEEN DATR RNO PREDICTIONS FOR TEST I?.PLRTE MS. RXIOL STR_,ED INJECTION J : 25.79 , S/O :2.83 , H/O =5.55

Figure 70. C_parison Between Predicted

and Measured Temperature Distributions for

Test No. 17 Table 2.
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CONTOUR1
VALUE0.0000

_ ,__ _ _ _-0.0

-0.5 ,.S

I_E D_ST. US

2 3 4 0 6 7 8 £

0-0500 0,1000 0.1500 0.2000 0.2500 0.3000 0.0500 0.4000

i0 11

0.5000 O.6000

TR_SVE_ O:Sl. Z'S

PREDICTED VELOCITY CONTOURS FOR TEST NO. 5.41XSSX21. J=26.79, S/D=2.83, H/0=5.66

-o.s L.s
T_E D,ST. Z/S

__ X/HO = 0.250
x/oJ = 1.71

EU_IN* J WT

Figure 71. Predicted Velocity

Distributions for Test No. 17 - Table 2,
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-o._ o,_

CONTOUR I 2 O 4 O 6 7 B 9 I0 II

VALUE 0,0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0,4000 0,5000 0.6000
q

io,o

PREOICTEO VELOCITY CONTOURS FOR TEST NO, 5,FLRTE M5. J=26,7£, S/0=2.83, B/O=S.S6

_m_ etsr, Z/S

SlOJ = 3.42 HO/DJ = 6.83 VRRTIO = 3.49 TRAT[O = 0.463 OENRRTIO=Z.203 TM£IN = 67?.2 _ TJET : 313.5 K TMEO = 0.34Z

X/H = 0,25 X/OJ =1.71 X/H = 0.50 X/OJ-_,4Z X/H = 1,DO X/OJ-_,83

_ " "" .=_ _t _ °/// "•

• ®"

[U-VMR[N)/VJET tU-VaRIN)/VJET (U=V#RINI/VJET

COMPARISON BETWEEN _qT# q_IO PREOICTIONS FOR TEST 17,TM:CONST, PXIRLLY STROEO INJECTION J : 26i?£ , S/O =2,83 . HID :5 I66

Figu):e 72. Compa[ison Between Predicted

and Measured Velocity Distributions for

Test NO. 17 - Table 2.
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CONfOURI
VALUE0.05002 3 4 5 6 "7 8 9

0.1000 O.lSnO 0.2000 0.2500 0.3000 0.3626 0.4000 0.4600

10 It

0.5000 O.6000

PREDICTED THET£ CONTOURS FOR TEST NO. 6. TM=CONST. J=26.24. S/D=2.00. H/B=4.00

Figure 73. Predicted Temperature

Distributions for Test No. 18 - Table 2.
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PREDICTED THEm OlSTRTBUTIONS FOR TEST NO. 18. TM=CDNST. J=25-Z4,SlO=2.OO.H/D-4.00



CONTOUR 1 2

VALUE 0.0500 0.1000

_vc_ olsT. us

3

O.t500

4 5 6 7 8 9 tO 11

0.2000 0.25O0 0.0000 0.3626 0.4000 0.4500 0.5000 0.6000

PREOICTEO THETR CONTOURS FOR TEST NO. 6. TN=CONST. J=26-2_. S/9=2.00. H/0=4.00

S/#J= 2.29

x/, = 0.2S x/oJ =144

o

(Ti_IN-TI/[TtIflIN-TJ)

MO/OJ = 4.5"/ VRRT_O = 3.4"/ TRRr[O = 0.468 DENRRTIO=2.185 TMRIN = 888.5

X/H = 0._ X/_J _.Z9

TJET = 312.7 K $HE8 = 0.3_

×/H = _.00 X'3J :4.S_

_M_IN-T)/IT_RIN-_J_

CONPORISON OETNEEN O£TR £NO PREOICTION8 FOR TEST 18.TM=CONST. SINOLE SIOED INJECTION J = 26.24 • 5/0 -2-00 • H/O =4.00

Figure 74. C_parison Between Predicted

and MeaSured Temperature Distributions for

Test No. 18 - Tabl_ 2.
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C0NTOUR 1 2 3 4 5 6 7 8 9 10 11

VALUE O.OOO0 0.O50O O.)OOO 0.1500 0-2000 0.2500 O.3000 O.35OO 0.4000 0.5000 0-6000

i.o 1.o

t_R_ uIst, Z/_ t_VER_ DlSt, Z/S

PREDICTED VELOCITY CONTOURS FOR TEST NO. 5,45X23X19, J=26.24, S/D=2.0D, H/D=4.00

cb_ ..........
XIDJ = 1.14

tU-_l., : v_,

<:b_i _......,.,o

PREDICTED VELOCITY DISTRIBUTIONS FOR TEST 18,45X23X19, J:26.24,S/D=2-OO,H/D=4,O0

Figure 75. Predicted Velocity
Distributions for Test No. 18 - Table 2.
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CONTOUR

VQLUE

-o$
rR_ OZST. Z/S _ OtSl, _

t 2 0 4 5 S 7 8 0 i0 11

0.0000 0.0500 o.lo00 o.$500 0.2000 o.25o0 0.3000 0,3500 0.4000 0.5000 0.6000

PREDICTED VELOCITY CONTOURS FOR TEST NO- 6. TM-CONST. J-26-24. $/O:Z.O. H/O-4-O

IRRNS_ OEST, Z/S

S/DJ - Z.Z9 HO/DJ : 4.6"/ VRRTIO - 3,47 TRBTIO : 0.4BB OENRQTIO:_.]B5 TMAIN : 668.6 K TJET : 312.? K TH_'B - 0.383

X/H = 0.Z5 X/UJ =l.t4 X/H = 0.50 ×/DJ _.29 X/H = 1.00 X/DJ :4.57

:i< '
''" i R ;

[U-VMR IN)/VJET [U-VIIRIN _IVJET [U CMRIN]IVJET

COMPRRISON BETWEEN DRTR RND PREDICTIONS FOR TEST 18.TM=CONST. STNOLE SIDED INJECTION J = 28.24 , S/D =2.00 • N/D -4-00

Figure 76, C_parison Between Predicted

and Measured Velocity Distributions for

Test NO. 18 - Table 2.
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TEST NO to ISOTHERMAL Tl%qIH, PI'_ISE X

ORIFICE PLATE Ot/O'Z/04

J= 4.98
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II
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Figure 77.
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Comparison Between
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Predicted and Measured Velocity Trajectories

and H0/D = 4.
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TEST NO 13, TOP COLD PROFILE, PHQSE I

8
D

ORIFICE PLQTE 01/02/04

J = 31.78
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o.oo o'.= 1'.oo ;'so
X/HO
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TEST NO 17, TOP HOT PROFILE. PHQSE I
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o

ORIFICE PLATE 01/02/04
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TEST NO 25. CONV DUCT IV. PHRSE I

ORIFICE PLRTE 01/02104

J = 28.73
8

N

0.00 0 .SO 1 .(30

XIHO

Figure 78.

Z
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TEST NO 30. FLRT WRLL JET. PHQSE I

ORIFICE PLRTE 01102/04

J = _7.31

I[80 = =•,® -o.oo o'.. It® _t= 2_ o.oo o.. ,.oo
X/HO X/HO

TEST NO 34, SLRNT WRLL JET, PHRSE I

ORIFICE PLQTE 01/02/04

J = 28.35

_t , ,

Comparison Between Predicted and Measured Velocity Trajectories
Including Effects of Mainstream Profiles and Flow Area
at Intermediate J for Orifice Plate 01/02/04.

Convergence



TEST NO I, HOT MAINSTRERM0 PHASE I

8
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TEST NO 8, HOT MRINSTRERM, PHASE I
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Figure
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X/HO X/HO

Comparison of Predicted and Measured Veloclty Trajectories

Different Jet Diameters, S/H = 0.5.
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TEST NO 18. TOP COLD PROFILE, PHASE I
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Figure 80.
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Trajectories for
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Non-Uniform

Flow Area Convergence, S/D = 4, H0/D = 8.
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Figure 81. Predicted and Measured Velocity Trajectories for
Different Convergence and Jet Injection Angles,

S/D = 4, H0/D = 8.
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Figure 82. Predicted and Measured Velocity Trajectories
in a Straight Duct for S/D = 4, H0/D = 4.
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Figure 84. Predicted and Measured Velocity Trajectories

in a Symmetrically Convergent Duct with Non-Uniform

Mainstream Profile, S/N = 4, H0/D = 8 (Test Section V).
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Figure 89. Predicted and Measured Velocity Trajectories for Opposed

Jets in Convergent Ducts, S/D = 4, H0/D = 8.
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Figure 92. Predicted and Measured Velocity Trajectories with
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O.OO O_

ORIFICE PLRTE 01/02/04

d = 4.98

m

,too ,_o 2'00

X/HO

TEST NO 21, ONE-SIDED JET. PHRSE II[

t--

:Z: LQ"
I---

l---

q
8
"O.OO O_llO

ORIFICE. PLRTE 01/02/04

J = 26.24

; J |
t .OO 1.60 2 .OO

X/IIG

t--
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Z

TEST NO 22, ONE'SIDED JET, PH86E III

ORIFICE PLATE 01/02/04

J = 103,18

8.

O.OO O.OO I,OO

k
t|.m 2.00

X/HO

I,--

TEST NO 18, ONE-SIDED JET, PHP.SE II[

45 DEG SLOTS, P.J/RH=.098

J = 6.64
8

e
tq"

|.

e
o.oo ,,t= Itoo ,t_ _®

TEST NO 19, ONE-SIDED JET. Pt-_IS( III

8

C3

45 DEG SLOTS. RJ/RH=.098

,=,

z}

J = 27.13

sooo o'.B ,t® ,_ !
2.oo

t.--

I.-,-
Z

TEST NO 20, ONE-SIDED JET - Pt-IRS[ III

45 DEG SLOTS o RJ/RlI=O.098

J = 106.1"7

|.

8 =
"o.oo ot_ ,too

X/NO X/HG X/NO

of Predicted and Measured Velocity Trajectories

Slot and Equivalent Circular Holes.

Figure 99. Comparison

45.degree

,too .!®

for





$ =0.0508 METERS SI[3J = 2.443 HO/DJ = 4.88'7 VMRIN = 4.8 MISEC YJET = '7.9 tt/SEC THRIN = 361,0 K TJET = 175.2 K TltEB = 0.1759 8LORRT= 3.243 DEHRRTIO= 2.II3 TRRTIO=O,474

• 500 , X/HO = R.O00

MERSUREB VELOCITY PROFILES FOR TEST NO I ,TEST SECTION I, ONE-SIDED JET . J = 4.98 , S/O = 2.00 , H/D = 4-80

CONTOUR t 2 3 4 5 S 7 8 9 tO 11

VALUE 0.0000 O-05OO 0.I000 0-1500 0.2000 O.ZSO0 O.3000 0.850O 0.4000 O.50OO 0.6000

o., o.o o.o _.o oo

4,s t.s -o 5 _.s 4._ ,._ 4.5 i.s _.5 t.n

NERSURED VELOCITY PROFILES FOR lEST NO 1,TEST SECTION I. ONE-SIDED JET ,d - 4-98 ,S/D - 2-00 ,N/O = 4.00

Figure 100. Measu=ed Velocity

Distributions for Test NO. • of _M Phase I
Testing.
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$ =0.0508 METERS SlOJ = 2.582 HO/OJ = $.164 VMAIN = 5.0 H/DEC VJET = 15.9 MISEC TMAIN = 361.8 K TJET = 1'71.1 K THEB = 0,2'705 BLORRT= 6.281 DENRATIO= 2.13Z TRATIO=0.473

<:t>-_...., cZ>-_.... it>..--' _-_ ' <Z:>-_-", "

q ! .

HERSURED VELOCITY PROFILES FOR TEST NO Z,TEST SECTION I, ONE-SIDED JET , d = 18.E9 . S/O = 2.00 . H/O = 4.00

CONTOUR I Z 3 4 5 6 7

VRLUE 0.0000 0.0500 0.1000 0.1500 0.2O00 0.25O0 O.3000

8 O tO 11

0.3500 O.4000 0.5000 0.6000

MEASURED VELOCITY PROFILES FOR TEST NO 2.TEST SECTION I. ONE-SIDED JET , d = 18.59 , S/O = 2.00 • H/O = 4.00

Figure 101. Measured Velocity
Distributions for Test No. 2 of D3M Phase I

Testing.
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8 =0.1016 METERS S/DJ = 4,682 HO/DJ = 4,682 VI'IA[N _ 4.6 M/SEC VJET - 7,9 M/SEC TMRIN - 360.7 K TJET - 1'70.5 K THEB = 0.1074 BLORRT- 3,356 DENRRTIO_ 2.122 TRRTID=O.473

, X/HO = 0.500 X/HO = 0.750 , X/HD = i .000 X/HO = 1.500 , X/HO : Z.OOD

NERSURED VELOCITY PROFILES FOR TEST NO 3,TEST SECTION l, ONE-SIDED JET , d =5,31 , S/O - 4.00 , H/O = 4,00

CONTOUR I 2 3 4 5 6 ?

VOLUE 0.0000 0.0500 0.i000 0.1500 O.2000 0.2500 0.3OOO

-o._ 1._ -D.s
_NSVm_ 0Isr. _JS _m_ reST. Z/_

MERSURED VELOCITY PROFILES FOR TEST NO 3,TEST SECTION I, ONE-SIOEO JET ,d - 5.31

Figure 102. Measured Velocity

Distributions for Test No. 3 of DJM Phase I

Testing.
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0.3500 0.4000 0.5oo0 O.SO00

o.o

TN_NE BIST. l/_ TNNVER_ IlISf. _g l_mlSV_ _IST, _S

•S/O - 4-00 ,H/O - 4.00



s = 0.I016 METERS 81OJ = 4.868 HOlDJ - 4-869 VRRIN - 4.5 MIOEC VJET - 15.9 MIOEC TMAIN - 361-8 K TJET = 168.9 K THEB = 0.1915 8LORRT- 7.1_8 OENRAI[O= 2,174 TRRTIO=O.487

XIHO = O.SO0 XIHO = 0-750 , X/nO = 1.000 , XlHO = 1.500 XIHO = 2.0OO

MERSURED VELOCITY PROFILES FOR TEST NO 4.TEST SECTION I, ONE-SIDED JET , J =23.51 , $/D = 4,88 , H/O = 4.00

CONTOUR i Z O 4 O 6 ? 8 9

VRLUE 0.0000 0.0500 0.1000 O.tO00 0.2000 0.2500 O.OOO0 0.3500 0.4OOO

4.5 l.J -_.W

10 Ii

0.0000 0.600O

o.o

MERSUREO VELOCITY PROFILES FOR TEST NO 4,TEST SECTION I, ONE-SIDED JET ,d = 2_,51 ,S/D = 4.00 .H/O = 4.00

Figure 103. Measured Velocity

Distributions for Test No. 4 of DJM Phase I

Testing.
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s=D.0254METERSSIDJ=2.58_HO/DJ-I0.328VMRIN=4-6MISECVJET_I_-8M/SEETMRIN- 360.4 K TJET = I71.3 K TAEB = 0.1687 BLORAT= B.89D DENRRT[O= 2.128 TRRTIO=O.475

MERSUREO VELOCITY PROFILES FOR TEST NO S,TEST SECTION I, ONE-SIDED JET . J =22.32 , S/O = 2.00 , H/D = 8.00

CONTOUR 1 2 3

VALUE O.O000 0.050O O.tO00

_._ 1.5 o.s ,._ 4.s
TR*_VER_ a_sr, z/e r_E _ZS7. _S

4 5 6 ? 8 9 10 tt

0.1500 0-2000 0,2500 0.3000 0.3500 O.4000 0.5000 0,8000

1.5 4.s ,.s 4._ b.
_Bv_ DIst. z/8 rR,_ oz_, z/s T_VEe_ _tST. Z/B

MEROURED VELOCITY PROFILES FOR TEST NO 5,TEST SECTION I, ONE-SIDED JET , J = 22.32 ,8/9 = 2.00 , N/D = 8.0O

_igure 104. Neasured Veiocity

Dist[ibutions fo[ Test No. 5 of DJN Phase I
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s =0.0254 IIETER8 6/DJ = 2.571 HOIDJ = I0.285 VMRIN = 4.8 MISEC VJET = 31.6 WSEC T_FIIN = 358.9 K TJET = [BB,Z K THEB = 0.3018 BLORAT= 14.554 DENRRTIO= 2.28"7 TRATIO=O.460

= x,oJ-_:_°4° , ×,oO:.....

E_igl_ I_INI/V_T (U-_IN)_JET _U-_I_J_T (_ENI/V_r

NERSUREO VELOCITY PROFILES FOR TEST NO 6,TEST SECTION I, ONE-SIOEO JET , d =9Z,63 • S/O = 2,00 • H/O = 8-00

CONTOUR 1 2 3 4 O 6 7 8 9 I0 11

t/BLUE 0,0000 0.0500 0.1000 0,1500 0.2000 0,2500 0.3000 0.3500 0,4000 0,5000 0.6000

o.o o.o o._ on o.o

MERSURED VELOCITY PROFILES FOR TEST NO 6,TEST SECTION I. ONE-SIOEO JET .J = 92-63 ,S/O = 2.00 .H/O = 8.00

Figure 105. Measured Melocity
Distributions for Tes_¢_O. 6 of _M Phase I

Testing.
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8=0.0508METERSG/Od=5.143HO/OJ=10.285VMRIN=4.6 M/SEC VJET = ]6.1 M/SEC TMRIN = 361.9 K TJET = 169.8 K THEB = 0.1048 _ORRT= 7.127 DENRRT[O= 2.192 TRRTIO=O.464

4>..... a>.........,

8.SO0 X/HO = 1.500 Z.OOOX/HO =

S.t4 i 0 x/DJ = t5 43 __ x/oJ. 2o.57

MERSURED VELOCITY PROFILES FOR TEST NO 7,TEST SECTION I, ONE-SIDED JET , J = 28,37 . S/D = 4.00 , H/D = 8.00

CONTOUR i R 3 4 5 5 '7 8 £ lO it

VALUE 0.0000 O.0500 O,lO00 O.tOOO 0.20OO O.RSOO 0.3000 0.350O 0,4000 0.5000 0.6000

_o, s TR_SVE_E aI@T, _/S 1.6 -0,_ tR_ D:ST. Z,'8 _.S -0.5 t_VE_E O;Sr, Z/S 1._ -O,S t_RSE BIST. _8 I._ 4-_ IRR_BSE #I@T, _Z8 I'5

MERSUREO VELOCITY PROFILES FOR TEST NO "/,TEST SECTION [, ONE-SIDEO JET . J = 2B.37 , S/O = 4.00 • H/D = 8.00

Figure 106. Measured Velocity

Distributions for Test NO. 7 of DJM Phase I

Testing,
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S =0.0508 METERS 8/OJ = $.143 HO/OJ = 10-285 VMAIN = 4.8 M/SEC VJET = 31.7 M/SEC TMAIN = 360.? K TJET = 165.9 K THEe = 0.1808 8LORAT= 14.866 DENRATIO= 2.303 TRATIO=O.46D

0.500 O.TSO i1 X/_O = 1 zso X/HO z ODD

5 t4 X/[3J = '7 ?t X/DJ =

HERSURED VELOCITY PROFILES FOR TEST NO 8.TEST SECTION I, ONE-SIDED JET . J = 96.00 , S/D = 4.D0 . HID = 8.00

CONTOUR I 2 3 4 5 6 7 8 9 tO tl

VRLUE O.OOOO 0-0500 0-1000 0.1500 O.2OO0 0.2500 O.ODO0 0._500 0.4000 0.5000 0.6000

o ; .... _, , , ; .... '_ ' ,.o rff- t j\ }v'; _ ,o ;' ' ; '.° ' _' "°

MERSUREO VELOCITY PROFILES FOR TEST NO 8.TEST SECTION I, ONE-SIDED JET . J = SS-O0 ,S/D = 4-00 .lt/D = 8.00
Figure 107. Measured Velocity

Distributions for Test No. 8 of DJM Phase I

Testing.



S :0.0508 METERS $10J : 2.581 MO/OJ = 5,121 VMAIN = 4.7 M/$EC VJET - 33.3 MISEC TMQIN = 169.9 K TJZT = 284.2 K THEB = 0.1830 8LORQT= 3.'785 OENRQTIO= 0.G17 TRRT[O=I.678

__" _o_- .......'-__- _-7__ " __

MERSUREO VELOCITY PROFILES FOR TEST NO 9,TEST SECTION I, HERTEO JETS , d =22,69 , S/O - 2,00 , H/O = 4.00

CONTOUR I 2 3

VBLUE 0.0000 O.050O 0,I000

oo o,G

MEASURED VELOCITY PROFILES FOR TEST NO 8,TEST SECTION I, RE_TED JEIS •J = 2Z,S8 , SID = 2,00 , H/D = 4.00

Figure 108. Measured Velocity

Distributions for Test No. 9 of DJM Phase I

Testing.
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0,1500 O,ROOO O.ZSO0 0.8000 0,3500 0,4000 0,5000 0.8000



5 = 0.I016 METERS 8/0J = 5,165 HO/DJ = S,IG5 VMRIN = 4.6 NISEi VJET = 31.5 M/SEC TMRIN = 162.8 K TJET = 254.0 K THEB = 0.1024 BLORRT= 3.873 DENRnTIO; 0.883 TRqTIO=I.SBD

, S/O = 4.00 , H/O = 4.00
MERSUREO VELOCITY PROFILES FOR TEST NO IO,TEST SECFION I, HERTEO JETS • J =22-63

CONTOUR l 2 5 4 5 5 7 8 9 tO 11

VBL5E 0.0500 0.0500 0.1000 0.1505 5.2000 0.2500 0.3500 0.3500 5.4000 0.5000 0.5000

i _i z 2

o.o .o H _-_ o.o

"_ _'_ T_,_E._ DIST, Z/_ _.5 _.5 _ nEST. Z/S _'_ _'_ _SED_.Z/S ,.5 -_._ _VE_ED_T. _ 1._

NERSURED VELOCITY PROFILES FOR TEST NO IO,TEST SECTION I, HERTED JETS ,J = 22.63 ,S/O z 4.00 ,H/O = 4.00

Figure 109. Measured Velocity

Distributions for Test NO. l0 of DJM

Phase I Testing.
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8=0-0254METERSS/DJ=2.582HOIDJ=10.327VMRIN=4.6M/$ECVJET=31.I M/SEC TMRIN = 161.3 K T JET = 247.1 K THEB = 0.1025 BLORgT= 3.875 OENRRTIO= 0.67Z TRRTIO= I.$32

C:>-_---___iC_>-_'-",."I"_ CE>-_--- _ C_::>-___C_>_-"". ........ o",_._,Cb-_-_C_>._-_--"____,ppj'__ ........_-=,_......._ __ " -

MEASURED VELOCITY PROFILE5 FOR TEST NO ii ,TEST SECTION I, HEATED JETS , J = 22.33 , SIO = 2.00 , HID = 8,00

CONTOUR [ 2 3 4 5 6 ? 8 9 10 [I

VALUE 0.0000 0.0500 0.1000 0.[000 0.2000 0,2000 0.3000 0,3500 0.4000 0.5000 O.BO00

o.o o,_ _._ o.o o.o

MEASURED VELOCITY PROFILES FOR TEST NO ll,TEST SECTION I, MEOTEO JETS ,J : 22.33 ,S/O : 2.00 ,A/D : 8.00

Figure ii0. Measured Velocity

Distributions for Test NO. ll of _M

Phase I Testing.
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8z0.0508METERSSlOJ= 4.961 HOIOJ = 9.S21 VMR[N = 4.7 MISEC VJET = Z9.8 NIZEC TM_rN = 163,0 K TJET = 2Z6.7 K THEB = 0.0817 BLOSNT= 4.117 OENRRTIO= 0.747 TRRTIO= 1.391

.......,_- ,,\ 4> __._ ,,_ _>_-_:.¢.... 4> _:--_

MERSUREO VELOCITY PROFILE8 FOR TEST NO 12.TEST SECTION I, HEATED JETS , J =22.88 , S/O = 4,00 , HID = 8.00

CONTOUR

VRLUE

[ 2 3 4 5 8 7 8 9 10 11

0,0000 0,0500 0.1000 0,1500 0.2000 0.2500 0.3000 0,3500 0,4000 0.0000 0.6000

i. i'

MEASURED VELOCITY PROFILES FOR TEST NO [2,TEST SECTION I. HEOTEO JETS . J = 22.68 • S/O = 4.00 ,HID = 8.00
Figure Iii. Measu£ed Velocity

Distributions _or Te_t No. 12 of DJM

Phase Z Testing.
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S =0.0508 METERS S/DJ = 2.5Bi HO/OJ = 5.1_Z VRAIN = 5.t i't/SEC VJET = tB.2 M/SEC TI_IN = _90.g A TJET = 163.1 K TNE1B= O.ASOB ALORRT= '7.626 OENRRTIO= 1.805 TRRTIO=O._60

RERSURED VELOCITY PROFILES FOR TEST NO IA,TEST SECTION I, TOP COLD TH , J =31.79 , S/D : 2.00 • H/O = 4.00

CONTOUR t 2 3 4 5 6 7 8 9 10 11

VALUE 0.0000 0.050O O.tO00 0.1500 0.2OOO 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

_'= T_meee_ =¢ST, _ *.m _.S _ OIST, US 1_ _.e _ OZaT. _ _.e _.= _ O[Sr, US t_ _.S nm,_'em= OIeT. _S t:

RERSUREO VELOCITY PROFILES FOR TEST NO 13,TEST SECTION I, TOP COLD TM , J = 31.79 ,S/D = 2.00 • H/D = 4.00

Figure 112. Measured Velocity

Distributions for Test No. 13 of DJM

Phase I Testing.
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5 =0-t016 HETER8 8/OJ = 4.845 HO/DJ = 4.845 VHRIN = 4,'7 I_zSEC VJET = 8=6 H/SEC T_'_RXN: 373.5 K TJET = 185.5 K THEB = 0.33B9 BLORRT= 3,04"/ DEI_RTIO= 2.210 TRRTIO:-0.453

0,750 X/HO = i .(_30 X/HO = 1.5OO X/HO = 5-000

MEASURED VELOCITY PROFILES FOR TEST NO 14,TEST SECTION I, TOP COLD T_i , J =6.70 , S/D : 4.00 . H/D : 4.00

CONTOUR 1 2 6 4 5 6 7 8 9

VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0,2500 0.3000 0,3500 0.4000

TemSm_ otsr. us _ _isr, us _ oIsn ue

MEASURED VELOCITY PROFILES FOR TEST NO 14,TEST SECTION I, TOP COLD TH , J : 6,70

10 It

0.5000 0.6000

,SlD = 4.00 ,H/O = 4.00

Figure _13. Measured Velocity

Distributions for Test NO. 14 of DJM

Phase I Testing.



S =0.0254 METERS $/OJ = 2.588 HO/OJ = 10.333 VMRIN = 4.7 M/SEC VJET = 33.3 M/SEC Ti4RIN = 342.3 K TJET : _65.1 K %%'EB = 0.469'Z _I_ORRT= 14.E4_X OEt_TIO= 2.215 TRRTIO=0.482

MERSURED VELOCITY PROFILES FOR TEST NO 15,TEST SECTION [, TOP COLD TM , J :99.21 . S/D = 2.00 , H/O = 8.00

CONTOUR 1 2 3 4 5 6 ? 8 S 10 11

VRLUE 0.0000 0.0500 0,1000 0.1500 0,2000 0._500 0.3000 0.3500 0,4000 0.5000 0.60O9

' ' i _ _ i " _ _ 1"° u,_u.u_/,ll_ _ I °i '_*'l

HERSURED VELOCITY PROFILES FOR TEST NO 15.TEST SECTION I, TOP COLD TM ,d = 99,21 ,S/O = 2.00 , H/D = 8.00

Figgre ]14. Measured Velocity
Distributions for Test No. 15 of DJM Phase I

Testing.
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S = 0.050_ METER8 8/OJ = 4.888 HO/DJ = 9.776 VMRIN = 5.5 R/_C VJET = [9.2 M/SEC TraIN = 315.1 K TJET = 172.6 K THEB = 0,5174 BLORRT= 6.90_ OENRAT[O= t.8_6 TRRTIO=0.548

_>........, _ ....... _>....... _)_'> __>....... _lx___>-_>-_

_>........ _>....... " _>........ _>........ " _>-i

MERSURED VELOCITY PROFILES FOR TEST NO 16,TEST SECTION I, TOP COLD TM , J = 24.3B . S/D = 4.00 , H/D = 8.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 11

VflLUE 0.0000 O,05OU 0,1000 O.t500 O.2OOO 0.2OU0 O*30OU 0.3500 0.4000 O.5OOO O.OUOU

, i i
o.o o.e

o,o

MEASURED VELOCITY PROFILES FOR TEST NO 16,TEST SECTION I, TOP COLD TM , J = 24.38 o S/O : 4.00 ,HID = 8.00

Figure i15, Measured Velocity

Distributions for Test NO. 16 of DJM

Phase I Testing.
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s =0.0508 METERS S/OJ = 2.434 HO/OJ = 4.869 VMRIN = 5.0 M/$EC V JET = 17.? M/SEC TMRIN = 299.0 K LJET = 168.5 K THEB = 0.6001 8LORAT= 6.529 DENRRTIO= 1.798 TRAT[O=0.564

X/HO = 0,5oo , X/HO = O,75O X/HO = - . =

MERSURED VELOCITY PROFILES FOR TEST NO 17,TEST SECTION I, TOP HOT TH , J =24.45 , S/0 = 2.00 , H/O = 4.00

CONTOUR I Z 0 4 5 6 7 8 9 I0 11

VRLUE 0.0000 0,0500 0.I000 0.1500 O.ZO00 O.ZSO0 0.3000 0.3500 0.4000 0.5000 0.8000

HERSUREO VELOCITY PROFILES FOR TEST NO 17,TEST SECTION I. TOP HOT T_ .d = 24.45 *S/O = Z.00 ,H/O = 4.00

Figure 116. Measured Velocity

Distributions for Test NO, 17 of _M

Phase I Testing.



S =0.0508 METERS S/DJ = 4.E_ HO/DJ = 9.737 VflRIN = 5.5 H/BEC VJET = 22-0 M/SEC TMR1H = 302,B K TJET = 176.0 K THEB = O,4B_ BLORRT= 7.2(T7 DEHRRT[O= t.757 TRRTIO=O.58t

• _ ....... _>....... _>....... _ _>..__>...... _>.......

_>........ _>........ _>........ _>-_ _>----_

MERSURED VELOCITY PAl]FILES FOR TEST NO IB,TEI]T SECTION I, TOP HOT Ttl , J =29.55 , S/O = 4.00 , H/D : B.O0

CONTOUR [ 2 3 4 5 6 7 8 0 10 11

VRLUE 0.0000 0.0500 0.1000 0,1500 0.2000 0.2600 0,3000 0-3500 O,4000 0.5000 0,6000

MEASURED VELOCITY PROFILES FOR TEST NO 18,TEST SECTION I, TOP HOT TM ,J = 29.55 ,S/I] = 4.00 ,A/i] = B.OO

Figure 117. Measured Velocity
Distributions for Test NO. 18 of DJM

Phase I Testing.
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$ =0.0508 METERS s/OJ = 4.925 HO/DJ = 9-851 VMAIN = Sl_ M/SEC VJET = 16.4 _/$EC TMAIN = 358.6 K TJET = 17S.5 K THRB = 0.O872 $LO_RT= 6.6S3 OENR_T[O= Z.I02

_>..........x_-_ _ :" 2> ,_ -_-_- _> ......... _ ....

-- u .......

MEASURED VELOCITY PROFILES FOR TEST NO 23. TEST SECTION IV, TN=CONST . J =21.05 . S/0 = 4.00 . N/g = 8.00

CONTOUR t 2 B _ 5 6 7 8 9 I0 II

VALUE 0.0000 0.0500 0.I000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

MENSUREO VELOCITY PROFILES FOR TEST NO 23. TEST SECTION IV. TM=CONST • d = 2i.05 , S/D : 4100 , N/O = 8-00

Figure ll8. Measured Velocity
Distributions for Test NO. 23 of DJM

Phase I Testing.



S =O.OBE8 METERS S/OJ = 5.000 HO/OJ = 10.000

c_ .......

2.50

VMBIN : 5.! M/BE; VJET : 32.0 M/BEG 1MRIN = 357.1 K TJET = 172;8 K THEB = 0.1781 BLOMT= 13._9_ BENRRTIO= 2.217

MERSUREO VELOCITY PROFILES FOR TEST NO 24, TE8T SECTION IV, TM=CONST , J : 85,81 , SID = 4.00 • HID : 8.00

CO_TOUR t 2 3 4 5 6 ? 8 9 10 11

VRLUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.25_ 0.3000 0.3500 0.4000 0-5000 0.6000

MERBURED VELOCITY PROFILE@ FOR TEST NO 24, TEST SECTION IV, TM=CONST , J : 05.81 ,8/0 = 4.00 • H/O = 8.00

Figure 119. Measured Velocity
Distributions for Test NO. 24 of D3M

Phase I Testing.
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8=O.ITo08PIETERS_ = 2.538 HO/OJ = 5,075 VMRIN = 4.6 M/_C VJET = 8.4 H/6EC THRIN = 36'7.4 K TJET = 1'78.7 K THEB = 0.1830 _.ORRT= 3.8'7*2 _RRTIO= 2.003 TRRTIO=O.500

_ 0.SN)

2.54 3.8t

(u-._zwuv, u

MERSURED VELOCITY PROFILES FOR TEST NO 25, TEST SECTION IV. TM=CON$T • J = 6.73 , S/D = 2.00 , H/D = 4.00

CONTOUR 1 2 3 4 5 6 ? 8 9 10 11

VALUE 0.0000 0,0500 O.lO00 0.1500 0.2000 O,2EQO 0.3000 0-3500 0.4000 0.5000 0.6000

HERSURED VELOCITY PROFILES FOR TEST NO 25, TEST SECTION IV, TH=CONST ,J = 6.73 ,S/O = 2-00 ,H/O = 4-D0

Figure 120. Measuzed Velocity

Distributions for Test NO. 25 of _3M

Phase I Testing.
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6 =0.0508 HETI_S 5/OJ = 2.582 HO/OJ = 5.164

2 _58

VMR[N = 4.6 H/SE'C VJET = 16.8 M/SEC _[N = 355-9 K T_ET = 183.2 K THEB = 0._ _LORRT= 7.233 OENRRTIO= t.958

HERSURED VELOCITY PROFILES FOR TEST NO 26, TEST SECTION IV, TM=CONST , d = 26.73 . 8/0 : 2.00 , H/D = 4.00

CONTOUR 1 2 3 4 5 6 ? 8

VRLUE O.OOO0 0.0500 0.1000 0.1500 0.2000 0.2508 0.3000 0.3508

MEBOUREO VELOCITY PROFILES FOR TEST NO 26, TEST SECTION IV, TM=CONBT , J = 26.73

9 tO 11

0.4000 0.5000 0.6O00

_ _:_ 1o

ozsT, z_

, S/O = 2.00 • N/D = 4,00

Figure 121. Measured Velocity

Distributions for Test No. 26 of DJM

Phase I Testing.
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$ =0.o5o8 METERS S/DJ = 4.961 140/OJ = 9.921

(_"_'i-

d_---_-

VMRIN = 4.9 MIB£C V.ET = 17.9 m/AEC TffRIN : 359-1 K TJET : 1.78.0 K THEB : 0.1005 BLORBT= 7.4?0 DENRRTXO= 2.0°3

........ II 8>_"

c6......... _

__:_ _:_o

MEASURED VELOCITY PROFILES FOR TEST NO 27, TEST SECTION V, TM=CONST , J = 27.18 , S/D = 4.00 , H/D = 8.00

CONTOUR 1 2 3 4 5 6 "7 8 9 lO 11

VALUE O,O000 0,0500 0.1000 0.1500 0-2000 0.2500 O.3ONO 0.0500 0.4000 0.5000 0.0000

MEASURED VELOCITY PROFILES FOR TEST NO 27, TEST SECTION V, TM=CONST ,J = 27.18 ,S/0 = 4.00 ,H/D = B.O0

Figure 122. Measured Velocity

Distributions for Test NO. 27 of DJM

Phase I Testing.

149



$ =0.0508 METERS $/OJ = 5.06t ,Ig/oJ = 10.121 VtlRIN = 4.9 rl/6EC VJET = 3'_.3 _VSEC Tf_RIN = 35B,4 K T._"T = tTL3 K

dr>---_:-- 4>---,_:- ,'-,
4>-- d>--

5.0S

MEASURED VELOCITY PROFILES FOR TEST NO 28. TEST SECTION V, TM=CONST
• d = 106,67

THEB = 6.1888 8LORRT= 15-176 DENRRTIO= 2.159

• S/D = 4.00 , H/D = 8.OO

CONTOUR 1 2 3 4 5 6 7

VALUE 0,0000 0,0500 O.tO00 0.1500 0-2000 0.2500 0.300O

J

o.o o.o

t.s 4.5 _ reST.I/S '_
reST, 7zs

MEASURED VELOCITY PROFILES FOR TEST NO 28. TEST SECTION V. TrI=CONST

8 9 tO It

0-3500 0.4000 0.5000 0-6000

_ msr, us

,d = I06.67 .8/[1 =4.00 ,H/O =B.00

Figure 123. Measured Velocity

Distributions for Test NO. 28 of DJM

Phase I Testing.
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$ =o.050e HETERS S/DJ = 2.462 HO/OJ = 4._4_4 Vtif4IN = 4.8 M/SEC YJET = 8.9 H/SEC TMRIN = 358._ K

MERSUREO VELOCITY PROFILES FOR TEST NO 29, TEST SECTION V. TM:CONST . J : 7.07

THEB = 6.t983 BLORRT= 3.8t8 OENRRT[O= 2.064

c_>-__:._o

, $/D = Z.00 , _/0 = 4.00

CONTOUR t Z 3 4 5 6 7 8

VRLSO 0.0000 0.855O 0.1000 O.tSO0 0.25O0 0.2500 0.3000 0.35OO

o.o o_

_ox_. us _olm. us

MEASURED VELOCITY PROFILES FOR TEST NO 2g. TEST SECTION V, TM=CSNST ,J = 7.07

Figure 124. Measured Velocity

Distributions for Test NO. 29 of DJM

Phase I Testing.
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9 tO 11

O-4OO0 O-SO00 0.5O5O

; o
|

_.J L.=

,8/D = 2.00 , H/D = 4.00



$ =0.05O8 HETERS 6/0_ = 2.S40 HO/OJ = 5.08O VHRXN = 4.7 H/_EC V._ET = 17.2 M/SOC THR]N = _,58.7 K TJET = 174.3 K THEB = 0.3149 BLORRT= 7,549 _ENRRTIO= 2.O87

ct>...... Ct>"

HESSURED VELOCITY PROFILES FOR TEST NO 30, TEal SECTION V. TH=CONST . d =27.31 , S/O = 2.00 , H/O = 4.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 11

VALUE 0.0000 0,0500 0.1000 0.1500 0.2OOO O.Z500 0.5O00 O.35OO 0-4000 0,5O5O 0.608O

..o u o.Q

MEASURED VELOCITY PROFILES FOR TEST NO 30, TEST SECTION V, TM=CONBT .J : 27.31 .S/O = Z.O0 ,H/O : 4.00

Flgure 125. Measured Velocity

Distributions for Test No. 30

of DJM Phase I Testing.



s =0.0508 tIETER8 $/DJ = ,_.94t HO/DJ = 9,883 V_IN = 5.0 M/SEC VJET = I7.9 M/_EC TRRIN = 3SO.7 K TJET = 17"/.5 K THEB = 0.1066 BLO_RT= "7,421 OE_RTIO= 2.0?2 TRRTIO=0.492

_>---_._--' " _ ......... _--z.:-'

t_tN:n= (_VlmZWtm*LeI (U-',l_= t_

MEA8URED VELOCITY PROFILE8 FOR TE8T NO 81. TEST SECTION Vl. TM=CON8T , J = 28.88 • 810 = 4.00 , H/D = 8.00

Tme_Y_{ OZBT,VS

CONTOUR I 2 3 4 5 6 7 8 9 tO II

VALUE 0.8O00 0.0500 0.1000 0.1500 0.2000 0.2500 O.SO00 0.3500 0.4000 0.5000 0,6000

D_ST.Z*S _ O[GT* Z/S

MEOSUREO VELOCITY PROFILE8 FOR TEST NO 31, TEBT SECTION V[, TM=CONST .J = 26.58 ,BID = 4.00 , HID = 8.00

Figure 126. Measured Velocity

DistribuEions for Test NO. 01

of DJM Phase I Testing.
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$=0.0_METER5S/DJ = 6.081 HOIDJ = 10.163 VHAIN = 5-0 MISEC VJET = 35,4 MI$EC TMRIN = 359.4 K TJET = I76.4 K

.

cu_mJ_zT ,_m,#_.

HEASURE8 VELOCITY PROFILES FOR TEST NO 82, TE8T 8ECTION VI. TM=CONST
• d = 107.87

THEB = 0.1_7 BLORRT= 15,29'7 OENF_TIO=- 2,$76

. 810 = 4.QO . HI8 = 8.00

CONTOUR 1 2 3 4 5 6 '7

VALUE 0.000O 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000

IRRtlOVI_LOIBT, lib

HERSURED VELOCITY PROFILES FOR TEST NO 82, TE5T SECTION Vl, TN=CON8T

8 9 10 i_

O .3500 0.4OO0 0.5000 O .6000

,d = 107.57 ,8/D = 4.00 ,H/8 = 8,00

Figure 127. Measured Velocity

Distributions for Test No. 32

of DJM Phase I Testing.
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$ =0.0_ METER5 8/OJ = 2,500 _O/DJ = 5.001 VMRIN = 5-0 M/SEC VJET = 9,0 M/SEC T_IN = 36t.0 K TJET = 167.4 K _ = 0.1969 BLORRT= 3.903 8E;_RRTIO= 2.165

MERSUREO VELOCITY PROFILES FOR TEST NO 33, TEST SECTION VI, TM=CONST • J =7.04 • S/D = 2.00 , H/D : 4.00

CONTOUR t 2 3 4 5 6 7 8 9 10 l 1

VRLUE 0.0000 0.0500 0-1000 0,15D0 0.2000 0.2500 O.300O 0._00 0.4000 0.5000 0,6000

MERSOREO VELOCITY PROFILES FOR TEST NO 83, TEST SECTION VI, TFI:CONST , d = 7-04 • S/O = 2-00 , H/O = 4.00

Figure 128. Measured Velocity

Distributions for Test NO. 33

of DJM Phase I Testing.
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0 =0.0501_ RETER5 S/OJ = 2.561 HO/OJ = 5.122 VHRIN = 5.0 H/OEC VJET = 17.0 tt/SEC Ti'IRIN = 361.6 K

<fi>_ C>.....

MEASURED VELOCITY PROFILE8 FOR TEST NO 34, TEST SECTION VI. TM=CONST , J = 26.36

THEB = 0.3144 BLOAT= 7.657 OENRRTI_ 2.225

(_._ ___ J

- 1.00o

5.12

. S/D = 2,DO , HID = 4.00

CONTOUR L 2 3 4 5 6 7 8

VALUE 0.0000 0,0500 0.1000 O,LSUO 0,2000 0.2500 0.3000 0.3500

o_ o,o

MEASURED VELOCITY PROFILES FOR TEST NO N4, TEST SECTION VI, TM=CONST
• J = 26.36

9 10 ll

0.4000 0.5000 0,600O

o,o

.51D = Z.OO . H/D = 4*00

Figure 129. Measured Velocity

Distributions for Test NO. 34

of DJM Fhase I Testin 0 .
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8 =0.O254 METERS S/OJ ; 2.496 HO/DJ = 9.983 VMRIN = 4.7 M/SEC VJET ; 31.8 H/SEC TMAIN ; 359.0 K TJET = 168.8 K THEB = 0.48?9 BLORRT= 15.447 DENRRTIO= 2.250 TRRTIO=0.470

0.250 X/HO = 0.500 _-'-_X/HO- 1.000 /HO = 2.000

MEASURED VELOCITY PROFILES FOR TEST NO 3, TEST SECTION I, IN-LINE JETS , J = 101.79 • S/D = 2.00 , H/D = 8.00

CONTOUR 1 _ 3 4 5

VRLUE 0.0000 0.0500 0.1000 0-1500 0,2000

om o.o
t t

-o.s 1.5

6 '7 8 9 tO It

0.2500 0-3000 0.3500 0.4000 0.5000 O.SO00

: i
o.o _ _ o.o

4._ _.B 4.S ,.5
T_E oiar, _s r_R_ oi_r, zJs

NERSUREO VELOCITY PROFILES FOR TEST NO 3, TEST SECTION I, IN-LINE JETS ,d = i01.79 ,810 = 2100 .HID = 8.00

Figure 130. Measured Velocity

Distributions for Test NO. 3

of DJM Phase II Testing,
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S :0.0254 METERS S/DJ = 0.46t HO/OJ = 9.844 VMFIIN = 5.t M/SEC VJET = 9.1 tI/SEC THflIN = 360,5 K TJET = 180.9 K THEB = 0.1890 BLORFIT= 3.686 BENRRTIO= 2.OOZ TRRTIO=0-502

c>- <!>______I , - <L>......,..... •

X/H0 = t 0oo i_ H_ = _.000

MERSUREO VELOCITY PROFILES FOR TEST NO 4,TEST SECTION I,STRGOEREO JETS , J = 6.52 , S/D : 2.00 , H/D : 8.00

CONTOUR I 2 3 4 5 6 7 0 9 10 11

VRLUE 0.0000 0.0500 0.1000 0.1500 0-0000 0,2500 0.3000 0.3000 0.4000 0.5000 0.6000

_RmSW_E OI_T, Z/e T_S_E OIS_, Z/S TraVeRSE O_ST,ZJS m_S_E,_ D[_T, Z_

MERSUREO VELOCITY PROFILES FOR TEST NO 4.TEST SECTION I,STGCOERED JETS ,J = S.SS
• S/O = 2.00 , R/D = 8.00

Figure 131. Measured Velocity
Distributions for Test NO. 4

of DJM Phase II Testing.
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S=0.0254['IETER881DJ=Z.462 HOIDJ = 9,848 VMSIN = 5.0 MISEC VJET = 1'7.3 MISEC TMFIlN = 359.0 K TJET = 1'74.7 K THEB = 0.3186 BLORRT= "/.3S3 DENRBT[O= 2.088 TRNTIO=0.4B7

_----_," _ _ <t>---2_ C>------_" " _ ............

i c>-----_ . c>--- _ ......XIHO = 0.SO0 XIHO = I.ODD , X/HO = 2.000

MERSUREO VELOCITY PROFILES FOR TEST NO 5,TEST SECTION I,STROOEREO JETS , J = 25.15 . S/D = 2.00 , HID = 8.00

CONIOUR 1 2 3 4 5 6 7 8 9 10 t 1

VBLUE 0.0000 0.0500 0.1000 0.1500 0.2000 0,2500 0.0000 0.3500 0.4O0O 0.5000 0.6000

e

_rz ,-JT._-_L_o_..L

°'° f T °'° f "°
-0.3 _mmv_ aIBT, Z/B _'# 4.S m_ZR_ #zst, Z/S i.o -o.e r_RBE B[ST. Z/S 1,0 e._ _,S_le_ aISI, _S _,e

ME£SURED VELOCITY PROFILES FOR TEST NO 5,TEST SECTION I,STBOCEREO JETS .J = 25.1S ,S/D = 2.00 ,M/O = 8.00

iure . e "

of DJM Phase II Testing.
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8 =0.0254 METERS 8/DJ = 2.481 HO/OJ = 9.924 VMRIN = 5.0 M/SEC VJET = 33.6 M/6EC TMRIN = 358.4 K TJET = 174-t K THEB = 0.4845 BLORRT= 15.863 DENRATIO= 2.196 TRRTIO=O-486

....7::_0 ,oo .___ .;:_o _--@----Iyll/_'"i>."°.'_',;:_°o

MERSUREO VELOCITY PROFILES FOR TEST NO 6,TEST SECTION I,STROOERED JETS , J =£9.23 • S/D = 2.00 , H/O : B-O0

CONTOUR 1 2 3 4 5 5 7 8 9 tO 11

VRLUE 0.0000 0-0500 0.I000 0.1600 0.2000 0.2500 0.3000 0.3500 0-4000 0.6000 0-6000

°° f °'° ? °'° t °'°

4._ f_ BIBT. I_ I'0 4.B TR_[R _ OIBT, _8 t'O 4.B IR_ OIBT, I/S _'e 4,e _B_SVERBCOIBT, US t'o

MERSURED VELOCITY PROFILES FOR TEST NO 6,TEST SECTION I,STROOERED JETS , J = 9£.23 ,S/O = 2.00 ,H/O = 8.00

Figure 133. Measured Velocity
Distributions for Test No. 6

of DJM Phase II Testing.
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=O.OBOBMETER_S/DJ= 5-000 HD/OJ = 10.000 VMRIN = 4.9 M/SEC VJET = 33.5 M/$EC THRIN = 358.8 K TJET = 176.6 K THEB = 0.S187 BLORAT= 15-291 DENRRTIO= 2.17B TRRTIO=O,492

" XlRO = 1.000 , X/NO = 2.0O0

MERSURED VELOCITY PROFILES FOR TEST NO 12,TEST SECTION I,STROOEREO JET , J = I03.01 , 5/D _ 4.00 , H/O _ B.00

CONTOUR

VRLUE

o._
t

_.5 ,.U

I 2 3 4 5 6 7 8 9 I0 II

0.0000 0.0500 0.I000 O.IBO0 0.2000 0.250O 0.3000 0.050O 0.4000 0.5000 0.6000

MERSUREO VELOCITY PROFILES FOR TEST NO 12.TEST SECTION i,STQGOEREO JET ,J = i03-01 ,S/O = 4.00 • HID = B,O0

Figure i34. Measured Velocity

Distributions for Test No. 12

of DJM Phase II _esting,
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S:0.0254METERS$/DJ=2.540HOIBJ:10.159VM_IN=b.8MISECVJET=zl"I MISEC

,.....Cb <;Z;>....

_" _ ....... xmo

MEASURED VELOCITY PROFILES FOR TEST NO 13,TOP COLD THRIN, IN-LINE JETS . J = 27,4g

THQIN = 3t0.7 K fJET = 17Z.2 K THEB = 0,B402 BLORRT= ?.081 DENRMIO= 1.825 TRQTIO=O.554

• S/D = 2.00 , H/D = 8.00

CONTOUR t 2 3 4 5

VALUE O.OOOO 0.0500 O4000 0._500 0,2000

G ? 8 9 lo 11

0.Z560 0.3000 0.35O0 0.4000 0.0000 O,SOOO

MEASURED VELOCITY PROFILES FOR TEST NO 13,TOP COLD TM£IN, IN-LINE JET8 .J = 27.4£ .S/O = 2.00 ,H/D = 8-00

Figure 135. Measured Velocity

Distributions for Test NO. 13

of DJM Phase II Testing,



8 =0.0254 METERS $/Od = 2.500 HO/OJ = 10.000 VMAIN = 5.8 H/SEC VJET : I0.8 H/SEC TMAIN : 307.7 K TJET = 178.7 H THEB : 0.5982 BLO_RT= 3.457 DENRAT[O= 1.725 TRATIO:O.381

MERSUREO VELOCITY PROFILES FOR TEST NO 14,TOP COLD TMRIN,OTROCERED JET . d =6.92 , 2/0 = 2.00 , H/D = 8.00

CONTOUR 1 _ 3 4 5 6 7 8 9 I0

VALUE 0.0000 0.0500 0-I000 0.1500 0.2000 0-2500 0.3000 0.3500 0.4000 0.5000

_,_R_ oi81. z/s r_ oisr. L,8 m_Je_sE _E6T, _S

HERSUREO VELOCITY PROFILES FOR TEST NO 14,TOP COLD TMRIN.STAC_EREO JET ,J = 6.92

Figure 136. Measured Velocity

Distributions for Test NO. 14

of DJM Phase II Testing.
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11

0.6000

,2/0 = 2.00 , H/O = 8.00



s=0.0254METERSS/BJ=Z.S20HO/DJ=10.080VMRIN=5.8M/_CVJET=21.Z MISEC TMR]N = 308.1 K TJET = t77,0 K THE8 = 0.654_ 8LORRT= 6.942 DENRATTO= 1.758 TRATIO=0.574

×/HO 0,500 =

MEflSUREO VELOCITY PROFILES FOR TEST NO IS,TOP COLD TMRIN,STRCGERED JET , J : 27.42 , S/B : 2.00 , H/D : 8.00

CONTOUR 1 2 3 4 6 S 7 8 9 10 lI

VRLUE 0.0000 0.0500 O-lOOO O.tSO0 0.2000 0.Z500 0.3000 0.3500 0.4000 0,5000 0.6000

-o._ [.o -D._ i.o _.5 1.o

MERSURED VELOCITY PROFILES FOR TEST NO 15,TOP COLD TMOIN,STRGGERED JET ,J = 27,42 ,S/D = 2.00 ,HID = 8-00

Figure 137. Measured Velocity

Distributions for Test NO. 15

of DJM Phase II Testing.



$ = 0.o6o8 METERS

<_i_ /HO = O.Z50

........:,C-J2-'i .........

NE_SURED VELOCITY PROFILES FOR TEST NO 16,TOP COLD TMRIN, IN-LINE JETS , J =2?.42

61DJ - 5.000 HOIDJ = t0.000 VMR[N - 6.? M/SEC VJET = Z0.9 H/6EC TMRIN = 305.5 K TJET - 178,5 K THE6 = 0-6016

, S/D : 4.00

BLORF_T= B.BgZ DENRAT[O= I.'/33 TRaTIO=OI564

, H/D = 8,00

CONTOUR 1 6 O 4 5 6 '7 8 9

VRLUE 0.0000 O.OBO0 0,1000 0.1500 0-2000 0.6600 0.6000 0.35O0 0.4000

? ? ? f

10 It

O .SOO0 0.6000

'°
f ?

MEASURED VELOCITY PROFILES FOR TEST NO 1S,TOP COLD TMAIN, IN-LINE JETS ,J = 27.42 ,S/O = 4.00 ,H/D = 0.00

Figure 138. Measured Velocity
Distributions for Test NO. 16

of DJM Phase II Testing.



5=0.0508METERSSIOJ=5.017HO/UJ=10.033VMRIN=5.7HISEC VJET = Zt.O MISEC TRAIN = 304.5 K TJET = 175.Z K THEB = O.6003 BLORAT= B.9BO OENRnTIO= 1.759 IRATI0=0.575

NEBSURED VELOCITY PROFILES FOR TEST NO 17,TOP COLD THAIN,STROOERED JET , d =27.70 , S/O = 4.00 , H/O = 8.00

CONTOUR 1 Z 3 4 5 0 7 8 9 10 II

VALUE 0.0000 0.0500 O.tOOO 0.1500 O.RO00 0.0500 0.3000 0.0500 0.4000 0.5000 O.BDCO

HERSUREO VELOCITY PROFILES FOR TEST NO 17,TOP COLD TN81N.STRGOERED JET . J = 27.70 ,8/8 = 4.08 , H/O = 8.00

Figure 139. Measured Velocity

D_stributions for Test No. 17

of DJM Phase II Testing.
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$-0,0508METERSSIDJ-5,040HOYOJ = 1o.o8o VMRIN = 5.8 M/SEC VJET = 4Z.0 MESEC TMAIN = 30B,Z K TJET = I74.2 K THE8 = 0.6589 BLORAT- 14.698 DENRATIO- I.B73 TRgTIO=O.568

X/HO = 0.500 , X/HO = 1,000 X'HO = 2.000

MEASURED VELOCITY PROFILES FOR TEST NO 18,TOP COLD TMAIN,STAOOERED JET , J = 115.34 , S/O = 4.00 , H/D = 8,00

CONTOUR i 2 3 4 5 6 7 8 9 10 II

VALUE 0-0000 0.0500 0.i000 0,1500 O-ZOO0 0-2500 0.3000 0.3500 0.4000 0.5000 0.6000

°'° _ °'° t f_'°

$_E 018T, _8 T_ILR_ D18[, _8 _ 018I,Z/8 _VB_ 018t. _8

MEASUREO VELOCITY PROFILES FOR TEST NO IO,TOP COLD TMRIN,OTAOOERED JET ,J = 115.34 ,S/O : 4-00 ,H/D : B.O0

Figure 140. Measured Velocity

Distributions for Test NO, 18

of DJM Phase II Testing.
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5 =0,0_54 HETER8 8/DJ = 2.47S HO/OJ = 9,1_9 V1'IRZN = 5.0 WSEC VJET = z7.2 WSEC T_AZI4 = 3_.2 K TJ_T = 1_,5.7 K THEE = Q._S3 BLOAT= 7._0 I_TIOc= 2-2Q1

ct>........... ct>...........
(_ ...........

o,soo

T _

HEFISURED VELOCITY PROFILES FOR TEST NO I9,SYMH CONV DUCT,IN-LINE JETS , J = 25.9'7 , S/D = 2,DO • H/O = 8,00

CO,STOUR I 2 3 4 E 6 7 0 9 IO 11

VALUE 0.0000 0,0500 0.I000 O.15OD 0.2000 0.2500 0.3000 0.3500 0.4000 0.5D00 O.BOBD

_ l i,o _,_ i ,l , ,o

MEASURED VELOCITY PROFILES FOR TEST NO _S,SYMM CONV DUCT,IN-LINE JETS , d = 25.97 , S/D = 2.DD ,H/D = 8.OO

Figure 141. Measured Velocity

Distributions for Test NO. 19

of DJ_ Phase II Testing,



s =0,0254 HETER$ 6/DJ = 2.475 0OlOJ = 9-8_ VMRIN = 5,0 WglEC VJET = 33.9 H/$EC THAIN = 35"8.$ K TJET = I65,0 K THEB = 0.5019 BLORRT= _.5.664 OENRRT[O= 2,305

(___2 ........

0,250 0.5OO 1.000

MERSURED VELOCITY PROFILES FOR TEST NO 20.SYHH CONV DUCT.IN-LINE JETS . d = I06.45 , S/D = 2.00 , H/O = 8.00

CONTOUR 1 2 3 4 5 B 7 8 9 I 0 11

VRLUE 0,0000 0.0500 O.IOUO 0.1500 0.200O 0.25O0 0,3000 0,3500 0,4000 0.5O00 0.6000

_ _ t _ f t

HERSURED VELOCITY PROFILES FOR TEST NO 20,SYMM CONV DUCT.IN-LINE JET5 ,J = 10S,45 .S/D = Z.O0 ,H/D = 8.00

Figure 142. Measured Velocity

Distributions for Test No. 20

of DJM Phase II Testing.
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S=0.0508METERS$/DJ: 5.000 HO,'DJ = 10.000 %MtqIN = S.O M/SEC VJET = 1?.4 H/$EC TMR[N = 358.1 K TJET = 168.3 K T_B = 0.[929 BLORFtT= ?.464 OENRATIO= _.149

• j> ........_,:.... ".... 6 ......._- " - " 4> ......_E--" " _ -
<E> .... - ......

_'., ......../_-." x_,:_:2o_o _toXO ._ l;oxg

MERSUREO VELOCITY PROFILES FOR TEST NO 21,SYLPH CONY OUCT,STRC-GEREO JET , d =25.92 . S,'0 = 4.00 , H/O = 8.00

CONTOUR 1 2 3 4 5 8 '7 8 9 tO 1 i

VRLUE 0.0000 0.0600 O .1.000 0.1500 0,2006 0.2506 0.3000 0.3600 0,4000 0.6000 0.6000

, ,°'° t t ,

ICERSUREO VELOCITY PROFILES FOR TEST NO 2I ,SYRM CONV OUCT,STROOEREO JET , d = 25-92 ,5/D = 4.00 ,H/O = 8,00

Figuxe 143. Measured Velocfty

Distributions for Test NO. 21

of DJM Phase lI Testing.
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s =0.0508 _ETER$ S/OJ = 5.040 HO,'DJ : 10.080 VKRIN = 5.0 M/SEC YJET = 34.4 M/SEC TKRIN = 357.9 K TJET = 165.8 K THEB : 0.3260 BLORAT= 15-640 OENRgTIO= 2.272 TRRT[O-0.468

& ........ & .........._.... & .............

XIHO =

_>----_........>_n_'' x_oJ= ....0.25o _P _>-- _i__ _ _>---. ×,,DJx"_°_=_o.o_'°°°

IIERSUREO VELOCITY PROFILES FOR TEST NO 22,SYIdlff CONY DUCT,STROOERED JET , J = i07.68 , 8/0 = 4.00 , HID = 8.00

CONTOUR 1 2

VRLUE O.OOO0 0.0500

1,o

i '
o.o

3 4 5 6 7 8 S IO tl

04000 045O0 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.8000

MEOSUREO VELOCITY PROFILES FOR rEST NO 22,SYNN CONV OUCT.STROGEREO JET , J = 107.06 ,S/0 : 4.00 ,H/D = 8.00

Figure 144. Measured Velocity
Distributions for Test NO. 22

of DJM Phase II Testing.
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s =O.tOIB METERS SIOJ : 4.885 HO/OJ = 4.886 VMRIN = 5.0 MISEC VJET = £.t M/OEC TMAIN = 358.3 K TJET - t7Z,8 K THE£ - 0.[£94 BL.ORAT= 3.753 OENRRTIO= 2.0"79

4> .... _:.... "..... 4>............... - '_ 4> ....._:--' " " -

_----_ _,,.- x.... _:_o _>____21 _:_4°'° ,__.___;--i__)' .... .oJ=,.oo_o
q>

MERSUREO VELOCITY PROPILES FOR TEST ,_0 23,SYMM CONY DUCT,STROC-EREB JET , J :G.T7 , S/O = 4.00 , H/D = 4.00

CONTOUR 1 2 3 4 5 O 7 8 9

VRLUE 0.0000 0.0500 O.tO00 0.1500 0,2000 0.2500 0.3000 0.3500 0_4000

-o.s 1.o _,_ a.o

MEASURED VELOCITY PROFILES FOR TE$T KO 23,OYMM CONV OUCT.STRC-GEREO JET ,J = 8.77

10 tt

O .5000 0.6000

i
_o '

..a

_E_ olsT, _xe

, S/O = 4.00 , H/O - 4.00

Figure 145. Measured Velocity

Distributions for Test NO. 23

of DJM Phase II Testing.
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s =0.1016 METERS SIOJ = 4.9G9 HO, DJ = 4.969 VMRIN = 5.0 M/SEC V JET = I'7.3 I4/BEC TY_IN = 358.I H TJET = 169.0 K THEB = 0.3272 BLORRT= '7.449 OENRRTIO= 2.154

,_........_,:.... '- 4>........_,: " 4>..............

X/HO = 0.250 0,500

MERSURED VELOCITY PROFILES FOR TEST NO 24,SYMM CONV OUCT,STROOERED JET . J =25.78 , S/D = 4.00 , H/D z 4.00

_OX OUR 1 2 3 4 5 6 7 8 £ lO 11

VqLUE O.O000 0.0500 O4000 0.1500 0.2000 0.2500 0.3DO0 D.3500 0.40OO 0.500O 0.0000

MEflSUREO VELOCITY PROFILES FOR TEST NO 24.SYMN CONV DUCT,STROGEREO JET ,J = 25.76 ,S_0 = 4.00 ,H/B = 4.00

Pigure 146. Measured Velocity
Distributions for Test No. 24

of DJM Phase II Testing,
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s =0.0508 HETERS S/DJ = 2.471 HO/OJ - 4.942 VMAIN - 5.0 M/SEC VJET = 6.8 M/SEC TMAIN = 358.4 K TJET - 166.9 K TMEB = 0.3283 BLORAT= 3.79_ OENRATIO= Z.156

C>- _ " " C:>------,,.I.'_ "" ' _> CZ>------_-_" .....

MEASURED VELOCITY PROFILES FOR TEST NO 25,SYNN CONV DUCT,INILINE JETS • d =6.67 , S/D 2.00 • H/D = 4.00

CONTOUR I 2 3 4 5 S 7 8 5 10 tl

VqLUE 0.0000 0.0500 0,I000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0-6000

MERSUREO VELOCITY PROFILE6 FOR TEST NO 26,6YMM CONY DUCT,IN-LINE JETS ,d 6-67 ,6/D = 2.00 ,H/D = 4.00

Figure 147, Measured Velocity

Distributions for Test NO. 25

o6 DJM Phase II Testing.
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8=0.0508 NETERS 81OJ = 2.520 HO/OJ = 5.039 VNAIN = 5.0 N/SEC VJET = t7.2 M/SEE TMAIN = 35B._ K TJET = 16"1.1 _ THEB = G,4810 BLO_RT= 7.456 DENRRTIO- _.17&

HERSURED VELOCTTX PROFILES FOR TEST XO 26,SYRM CONY DUCT,IN-LINE JETS , d -25.58 , S/O : 2.00 , HID z 4.00

CONTOUR 1 2 3 4 5 6 7 B 9 tO 11

VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

,.o 1 _ 1 . -,.o ...... k ...... _ ,.o

4.S _.S -O.S ,.6 a._ ,.S

NERSURED VELOCITY ?ROFILES FOR TEST NO 26.SYKN CON\ OUCT,IN-LINE JETS ,d = 25.58 , S/O = 2-00 , R/O = 4.00

Figure 148. Measured Velocity
Distributions for Test NO. 26

of DJM Phase II Testing.
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S =0.0254 METERS S/OJ = 2.514 HO/OJ = 10,057 VMRIN = 5.0 T4/OEC VJET = [7.4 M/SEC TMAIN = 358.3 K TJET = [68.5 K THEB = 0.3185 BLORRT: 7,512 OENRRT[O= 2.155

<t> _.... C>- _ <t>-- . "

............. _ x/No = o._so o.soo t.ooo

2.51 5.03 10.06C> _> _=
cu _I.,_JET C_WI.,_T tU-WlN,_r

I1ERSURED VELOCITY PROFILES FOR TEST NO 35,AOYMH CONV DUCT,IN-LINE JETS , d =26.20 , S/D = 2.00 , H/J3 = 8.00

CONTOUR [ 2 3 4 5 6 7 O 9 10 It

VRLUE 0.0000 0.0500 O.lO00 0.1500 0.2000 0,2500 0.3000 0.3500 0.4000 0,5000 0,6000

o.o f t °° f f

tIERSUREO VELOCITY PROFILES FOR TEST NO 35,RSYMI_ CONV BUCT,IH-LINE JETS ,J = 26.20 ,S/[_ = 2,00 ,H/O = 8-00

Figure 149. Measured Velocity

Distributions for Test NO. 35

of DJM Pha_e II Testing,



S = 0.0254 METERS

............. X/HO = 0.250

_ 2.s2

S/OJ = 2.5Z0 HO/OJ = 10.080 VMRIN = 5.0 N/SEC ",/JET = 34.4 M/SEC TNAIN = 358.0 K TJET = 15'7.3 K THE8 = 0.4902 BLOR_T= 15.590 OENRAT[O= 2.275

<S> __,........ <b -
x/Ms = 5.o4 ".<Z> 7_s[: <7>

MERSUREO VELOOITY PROFILES FOR TEST NO 3@,A$YMM CONV OUCT,IN-LINE JETS • J = 10S.85 • S/0 = 2-00 • H/D = 8.00

CONTOUR 1 2 3 4 5 B 7 5 9 10 It

VALUE 0,0000 0.0500 0.1000 0.t500 0.2000 0.2500 0.3000 0-3500 0-4000 0-5000 0.6000

" 't 't f
m_E etsT. _ m_sv_sE ozsT. us T_SVOSE O_ST. ZZS

MERSURED VELOC[TY PROFILES FOR TEST NO 36,RSYMM CONV OUCT,IN-LINE JETS ,J = 10S.85 ,S/0 : 2.00 ,H/D = B.O0

Figure 150, Measured Velooity

Distributions for Test NO. 35

of DJM Phase II Testing.
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6 =O.{Ta08 METERS S/gJ = 4.g_ HO/DJ = 9.gO/ VPiR1N = S.O M/$EC VJET : 17.5 M/SEC TPiRIN = 358.7 K TJET = 172.6 K THEB = 0.1882 BLOI_T= 7.343 DENRRTID= 2.100

4>........_:-- 4>........_:-- 4>............

_ 4>.............

<:p---- 2.50 fi>----_------_,_ _oo=_.oo <:P............_ =--,:p_.........._ <i>............
MERSURED VELOCITY PROFILES FOR TEST NO 37,ROYM CONV DUCT,STROGERED JET , d = 25.80 , S/D : 4.00 , ff/D = 8,00

CONTOL_ % 2 3 4 5 6 ? 8 9 I0 11

VRLLIE O.OOOO 0.05O0 O,tO00 0.1500 0-2000 0.2500 0.3000 0.3500 0.4000 0.5OO0 0.6000

MERSURED VELOCITY PROFILES FOR TEST NO 37,RSYlt CONV DUCT,STRGC, ERED JET ,d = 25-68 ,S/D = 4.00 ,HIS = 8.00

Figure 151, Measured Velocity

Dzstributions for Test NO. 37

of DJM Phase II Testing.



6 =0.0608 ItETrcJ_8 E4DJ = 5.040 HO/D,J = [0.0£1o

x,'i_ = o.25o_2.52

HERSUR£D VELOCITY PROFIhE$ FOR TEST NO 38,RST_l CONV OUCT,$TRP._-£REO JET , J = 108.76 , 8/D = 4.00

YrIAIX = 5.0 ff/SEC YJET = 34.7 M/_C TV_IH = :_.'7 K TJET = 16_.5 K THEB = 0.324,S BL(_T= 15.678 OI_ATIO= 2.260

q>
-- ,.... -- ,....

, H/O = 8.00

CONTOUR i 2 3 4 5 6 7 8 9 I0 It

VALUE 0.0000 O.05UO 0.1000 0.1_00 0.2OO0 0.2500 0.3000 O.3500 0.4000 0._0 0.6O00

MEASURED VELOCITY PROFILES FOR TEST NO 38,RSTM CONY OUCT,STRGOEREO JET . J = lOB.TS • S/O = 4.00 .H/D = 8.00

Figure 152. Measured Velocity
Distributions for _est No, 38

of DJM Phase II Testing.
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0 =0.1016 METERS S/OJ = 4,062 HO/OJ = 4.862

_> ....... _--

X/HO = 0.200

(_--- 1.22

Vl%qIN = 5-0 MISEC '/JET = 9.0 M/SEC T_IN = 358.6 K

MERSURED VELOCITY PROFILES FOR TEST NO 39,RGYM CONV DUCT.STROGERED JET , J = 6.69

TJET = 1_3,3 K Tb_B = 0.1994 BLORRT= 3,726 DEN_TIO= 2,0_

4-06

• S/O = 4.00 • H/D = 4.00

CONTOUR 1 2 3 4 5 B 7 B 9

VRLUE 0.0000 0.0500 0-1000 0.1500 0.2000 0,2500 0.3000 0.3500 0.4000

MERSURED VELOCITY PROFILES FOR TEST NO 39.RSYM CONV DUCT,STRGOERED JET • J = 6.69

10 ll

0.5000 0,6000

m .ql _._ l.o

men

, S/D = 4.00 , H/D = 4.00

Figure 153, Measured Velocity
Distributions for Test No. 39

of DJM Phase II Testing.
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$ =O.I01B HETISR$ S/DJ = 4.9"T/ _iO/[]J = 4.9?7

i

Vi'iRIN = 5.0 M/SEC VJET = |7,6 M/EI_; TIIRIN = 358.7 K TJET = 168.2 K _ = 0._124B B-ORBT= ?.493 DE'RATIO= 2.164

_>............ __, .....

-r" ,.... -r" ,....

HERSUREO VELOCITY PROFILES FOR TEST NO 40,RSYH CONV OUCT.STRC.C, ERED JET , J =25.95 • S/O = 4.00 . H/O = 4.00

CO_ITOLIR 1

VRLUE 0.0000

u

2 3 4 5 6 7 8 9 10 11

0.0500 O.lO00 0.t600 6.2000 0.2600 O .3000 0.3500 0.4000 0.6(_)0 0.6006

MEASURED VELOCITY PROFILES FOR TEST NO 40.RSYH CONV OUCT.STROGERED JET ,J = 25.95 ,S/O = 4.00 .H/O = 4.00

Figure 154. Measured Velocity

Distributions for Test NO. 40

of DJM Phase II Testing.



$ =O.Ofo08 METERS _ = 2.469 HO/OJ ; 4.924 VI_IN = B,O It/EJLC VJET = 8.9 /t/_C T/I_IN = 358.G K TJET = 169.7 K THEB = 0.697'2 Jt69RT= 3.747 I)(_I_TIO= 2.122

• _ ........ _ .......... _ .......

MERSURED VELOCITY PROFILES FOR TEST NO 41.ASYMH CONV DUCT.IN-LINE JETS , d =8.02 • S/D = 2.00 , HID = 4.80

COW,TOUR 1 2 3 4 5 6 7 8 9 I0 11

VRLUE 0.5O00 0.06O0 0.I000 0.1500 0.2000 O.25OO 0.3000 0.35_ 0.4000 0.55O0 0.0_0

t t _ f ? °_

_I_E ore, us TmmaE BZ_. US _m_ ore. Z._

MEASURED VELOCITY PROFILES FOR TEST NO 41,RSYNH CONV DUET,IN-LINE JETS ,J = 8.02 ,S/D =2.00 ,H/D =4.00

Figure 155. Measured Velocity
Distributions for Test NO. 41

of DJM Phase II Testing,



5:0.0_=08 HETER5 B/DJ = 2.540 HO/DJ = 5-_ VI_IN : 5o6 ]'./_C VJET : t7.4 li/SEC Ti_IN : 358.2 K TJET = 16B.0 K THEB = 0.4T74 BLORRT: '7.518 _TI(_ 2.164

(t> ......... Ct>---_..... Ct>'---_--

............. X/HO : 0.25O ............ = 1.000

cp .... <:_- o:_ _.=

HERSURED VELOCITY PROFILED FOR TEST NO 42.RSYHM CONV DUCT,IN-LINE JETS • J = 26.12 , S/D = 2.00 • H/D = 4.00

CONTOUR 1

VRLUE 0.00_0

2 3 4 5 6 '7 8 9 10 1!

O.O_ 0°1000 0.1500 0.2000 0.250O 0.3000 0.35O0 0.4000 O.BO00 0.6000

e_ o.o
,f _, ! !

lw_,e.l_e olex. z,s _ O_T. Z,_

MEROURED VELOCITY PROFILES FOR TEST NO 42,RSYHH CONV DUCT,IN-LINE JETS ,J = 26.12 • $/D = 2.00 • H/D = 4.00

Figure 156. Measured Velocity

Distributions for Test No. 42

of DJM Phase II Testing.
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$ =0.0102 f_'TER$

t_tqml_

MERSUREO VELOCITY PROFILES FOR TEST NO 45R, 10.24 MM 2-D SLOT,TM=CONST , J = 6,66

8/OJ = 0.10_ HO/IDj = 1.876 VHRIN = 5.0 tVSEC VJET = 9.0 IVSeC T_IN = 358.1 K TJET = 191.0 K THEB = 0.2179

, S/O = 1.00

BLORRT= 3.744 DEI_QTIO: 2.104 TRRTIO=O.4"n

• H/D = 9,92

CONTOUR 1 2 3 4 3 6 7 8

VALUE 0.0000 0.05O0 O.tO80 0.1500 0.2000 0.25O0 0.3000 0.3500

FtERSURED VELOCITY PROFILES FOR TEST NO 45R. 10.24 MM 2-D SLOT.TH=CONST . J = B.SB

9 10 11

0-4000 0.5000 0.6OOO

=

1

o.o

.S/O = 1.DO .H/O = 9.92

Figure 157. Measured Velocity

Distributions for Test No. 45A

of DJM Phase II Testing.

184



s =O.OIBE h'ETERS 6/OJ = O.lS2 HO/BJ = 1.BE6 V_IN = 5.t H/BEG VJET = 17.5 H/BEO THRIH = 358.0 K TJET = t"/l-5 K TBEB = 0.3462 BLORRT= 7.335 BENRRT|O= 2,t'25 TRRTIO=0.479

MERSURED VELOCITY PROFILES FOR TEST NO 45B, 10.24 MM 2-O $LOT,TM:CONST , J = 25.33 , 5/D = 1,00 , H/D = 9.92

CONTOUR l 2 3 4 5 6 7 8 9 10 ll

VO_E 0._00 0._00 O.t_O 0,1500 0.2_0 0.25_ 0._00 0,_00 0.4000 0.5_0 0,6000

MERSURED VELOCITY PROFILES FOR TEST NO 45B, 10.24 HM 2-0 SLOT,TH=CONST ,d = 25,33 ,S/D = 1.00 ,H/O = 9.92

Figure 158. Measured Velocity

Distributions for Test No. 45B

of D_I Phase II Testing.



S/P,J = 0.194 HO/DJ = 1.926 VIIRIN = 5.1 M/BEC VJET = 30.2 R/_I; TW4IN = 307.? K TJET = 170.8 K TWcB = 0.48'ZO BLORAT= 13.185 OENRRTIO= 2.223 TRRTIO=O.4?8

_ ./9> "¸ ____:_ _

,I

:+,.... - ,. -

HERSURED VELOCITY PROFILES FOR TEST NO 45C, 10.24 MM 2-D SLOT,TM:CONST , J =78.20 • S/O = 1.00 , H/O : 9.92

C_TOUR 1 Z 0 4 3 6

VRLUE O.C_O0 O.O5OO O.lOOO 0.I500 0,2000 0.2500

II

0.6000

HEBSURED VELOCITY PROFILES FOR TEST NO 45C, I0._4 HM 2-D 5LOT,TH=CDNST . J = ?8.20 ,5/O = 1.00 .H/O = 9.92

Figure 159. Measured Velocity

Distributions for Test No. 45C

of DJM Phase II Testing.



s=O-050B_ETERSSlUJ=5.322aOlUU-6,644

MEASUREDVELOCITYPROFILESFORTESTNO49,SINOLESIDEDJETS, TM=CONST • J = 6.49

VMF]IN = 5.1 MISEC VJET = 9-0 MISEC TM_IN = _58.0 K TJET - 171.9 K T_IE8 = 0.1159

___ Xx'2J__:_o 'o:_

, S/D = 2.89

BLORRT= 3.682 OENRATIO= 2.090 TRATIO=0.480

= 13.29

, HID = 5.66

CONTOUR

VBLUE

4 .S , .S
_RetS_E OIST, Z/S

1 2 5 4

0.0000 0.0500 0.1000 0.1500

T_E D_St, Z/_

5

0.2000

8 7 0 9 IO 1_

0-2500 O._OOO 0.3500 0,4000 0-5000 0.6000

3,0

0.0 0.0

MERSURED VELOCITY PROFILES FOR TEST NO 49, SINGLE SIDED JETS, TM=CONST • J = 6.49 , S/O = 2,83 ,HID = 5,66

_igure 160. tleasured Velocity

Distributions for Test NO. 49

of DJM Phase II Testing,

187



s=0.0508METERSSlOJ= 3,969 HOIOJ : 8.737 VMRIN = 5.0 MISEC VJGT = 17.2 MISEC TMR]N = 358.3 K TJET = 186.4 K THEB = 0.2054

• X/HO = 0.250 X/HO = O-5O0 X/HO = 1.000

MEQSURED VELOCITY PROFILES FOR TEST NO 50, SINOLE SIDED JETS, TM=CONST • J = 25.46 • 5/D = 2.83

BLORAT= 7.468 OENRBTIO: 2.19] _RQTIO-0.4B4

13.47

• H/D : 5-66

CONTOUR I 2 3 4

VRLUE 0.0000 O.OOO0 0.I000 0.1500

o.o oo

5

0-2000

6 7 8 9

0.2500 0.3000 0.3500 0.4000

-0.5 ,.S
TP_IS_e_ OlST, Z_

IO II

0.5000 0 .gO00

MERSUREB VELOCITY PROFILES FOR TEST NO 80, SINGLE SIDED JETS, TN-CONST , d - 28.46 . S/D = 2.83 . H/D = 5.66

Figure 161, Measured Velocity

Distributions _or Test NO. 50

of DJM Phase II Testing.
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S =0.0508 ttE_ER5 5/0J - 2.286 HO/OJ - 4,576 VMR]N = 17.8 MISEC VJET = 30.S M/SEC TMR]N = 690,1 K TJET = 31'7.] K THEB = 0.2216 8LORRT- 3.795 OENRRT]O= 2.18]

tlERSURED VELOCITY PROFILES FOR TEST NO 1, TrI:CONST, STRERMLINED SLOTS , J : 8.60 , S/D : 2.00 , H/D 4.00

CONTOUR

VRLUE

T_VER_ mS_._S

Figure 162. Measured Velocity

Distributions for Test NO. 1

of DJM Phase III Testing.
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1 2 3 4 5 tO

0.0000 0.0500 04000 0.1500 0.2000 0.5000

5 7 8 9 II

0,2500 0-3O0O 0,3500 0,4000 0.6000

......
HEQSURED VELOCITY CONTOURS FOR TEST NO 1,S.L- SLOT, J=6.60. S/D=2-O0. H/0=4,00

-o.5 _.5



S =0.060B METERS 6/DJ : 6.3'/9 HO/OJ = 4.758 VMRIN = 16.7 MI6EC VJET = 68-5 MIBEC TMRIN = 661.0 K TJET = 60?.6 K THEB = 0-344? BLORRT= '7.581 OENRRT]U= 2.]31

Xx__:_:,_o _:_6 _o 2:o_o

MEASURED VELOCITY PROFILES FOR TEST NO 2, TM:CONST, STREAMLINED SLOTS . d = 25.4"7 , S/D : 2.00 , H/D = 4.00

CONTOUR l 2 3 4 5 5 7 8 9 lO 11

VALUE 0.0000 0.0500 O.IOO0 0.1600 O-2OOO 0.2500 O-OOOO 0.6500 0.4000 0.5000 0-6000

o,a o.o o.Q o.o

_.5 ,.5 _.5 ,._ .o.s L.5 -o.5 [.s

MEASURED VELOCITY CONTOURS FOR TEST NO 2,S.L- SLOT, J:26-47. S10:2.00, H/D=4.00

Figure 163. Measured Velocity

Distributions for Test NO. 2

of DJM Phase III Testing.
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S =0.0508 METERS 5/0J = 2,104 HO/DJ = 4.207 VMR]N = 17.2 M/SEC '4JET - 60.3 M/SEC TMRIN = 675.0 K TJET - 316.5 K THEB - 0.4026 BLORRT= 7.592 OENRRTIO= 2.168

HEFISUREO VELOCITY PROF;LEB FOR TEST NO 3, TM=CONOT. BLUFF SLOTS , J = 26.5£ , S/D = 2.00 , N/D = 4.00

CONTOUR 1 2 3 4 5

VALVE 0.0000 0-0500 0.1000 0-1500 0-2000

i o.o .o

Figure 164. Measured Velocity

Distributions for Test NO, 3

of DJM Phase III Testing.
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6 7 8 9 10 11

0.2500 0.0000 0.3500 0.4000 0.5000 O.fiO00

MEASURED VELOCITY CONTOURS FOR TEST NO 3,BLUFF SLOT, J=26.59. 5/D=2.00, H/D=4.00



HO/DJ = 4.23"/ VMQIN = 12.B I1/SEC VJET = BB-B M/$EC TMRIN = 655.3 K TJET = 315.0 K THEB : 0.57O5 BLOROT= IB.183 DENRBT]O= 2.161

MEASURED VELOCITY PROFILES FOR TCBT NO 4, TM:CONST, BLUFF SLOTS • J 106.S9 , B/D : 2.00 . H/D = 4.00

CONTOUR

VALUE

.o

_ER_ OI_T.Z/S

I 2 3 4 5 6 7 B 9 10 11

0.0000 0.0500 0.1000 0.1500 0.20O0 0.200O 0.0000 0.3500 0.4800 0.5000 0.6000

_.s ,.s -D_ l.s _.s ,.s

MEOSURCD VELOCITY CONTOURS FOR TEST NO 4,BLUFF SLOT, J=I06-5, SID=2-O0, M/D=4.O0

Figure 165. Measured Velocity

Distributions for Test NO. 4

of DJM Phase III Testing.



S =0._08 METERS 3/_ = 3.4?6 _/OJ = 6_952 VMRIN = 5.4 M/_C V_T = 9.4 M/SEC T_IN = 383.5 K _T = 17-3 K THEB = 0.1378 BLURT= 3.800 _RTIO= 2.172 TRRTIO=O.462

, X/MO : 1.000 X/_: 1.500

MEASURED VELOCITY PROFILES FOR TEST NO 5, TH=CONST, PLATE H-3 (INL) , J : 6.65 , S/D = 2.83 , H/D = 6.66

CONTOUR I 2 3 4 5 6 ? 0 9 10 11

VRLU£ O.O00O 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.8000

MEASURED VELOCITY PROFILES FOR TEST NO 5. TM=CONST, PLATE M-5 IINL) .J = 6-B5

_igure 166. Measured Velocity

Distributions for Test No. 5

of DJM Phase III Testing.

193

.S/O : 2.83 .H/D = 5.55



$ = 0.0568 METERS $/0J = 3-510 HO/OJ = 9.020 VMRIN = 5.2 M/SEC VJET - 18.1 M/$EC TMRIN = 370.0 K TJET = 172.5 K THE8 = 0.3268

d> 4>+_- 4>- <b,_-" + " 4>-+4>+:" ....

IIEFISURED VELOCITY PROFILES FOR TEST NO 6, TM=CONST, PLATE M-3 [INL) . J = 26.27 , S/D = 2.63

BLORRT= 7.574 DENRRT]O= 2.184 TRRTIO=0.466

4> 4>+:, "

d> _+ .....
10-53

, H/D = 5.66

CONTOUR l 2 3 4 5

VOLUE 0-0000 0.0500 0.1000 0.1500 0.2000

+ +++
_.s _.5 +.5 1.5

6 7 8 9 10 11

0,2500 0.3000 0.3500 0.4000 0.5000 0-6000

H D+D

MERSURED VELOCITY PROFILES FOR TEST NO 6, TM-CONST, PLRTE H-3 (INL) ,J : 26.27 ,5/O - 2.63 ,H/D : 5.66

Figure 167. Measured Velocity

Distributions for Test NO, 6

of DJM Phase III Testing,
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S=0-0008METERSSIDJ=3.618llO/DJ= 7.236 VMAIN = 5-0 MISEC VJET = 34.'7 MISEC

cb--4>,_:-"' ..... 4> -4>,_-"__"

MEASURED VELOCITY PROFILES FOR TEST NO 7, TM=CONST, PLRTE M-3 [INL)

TMAIN = 353-7 K TJET = 1'72.0 K THEB = 0.4780 9LORFIT= 15.307 DENRATIO: 2.186 TRATIO=0.486

• J = 107.18 , S/D = 2.83 , HID = 5.66

CONTOUR i 2 3 4 5

VALUE 0.0000 0.0500 0-1000 O.15OO 0.2000

6 ? 8 9 lO 11

0.2500 0.3000 0.3500 0.4000 0-5000 0.6000

i i °.
MERSURED VELOCITY PROFILE5 FOR TEST NO 9, TM:CONST, PLRTE M-3 (INL; . J : 107.18 .6/0 : 2.88 , HID = 5-66

Figure 168, Measured Velocity

Distributions for Test No. 7

of DJM Phase III _esting.
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S=0.1016METERSSIDJ= 4.716 HOIOJ = 4.916 VMAIN = 5,3 MISEC VJET = 9.3 M/SEC TMAIN = 378.9 K TJET = I74,5 K THEB = 0,2151 BLORAT: 3,817 OENRATIO= 2.183 TRATIO-0.460

& ......._E_ii..._ N

!

....o2,s_..... _:_:_o _ I_;_-I:°7_° Xx1,_°J-_7:_°

MEASURED VELOCITY PROFILES FOR TEST NO 8, TM:CONST, PLATE M-4 (STY) . J : 5.57 , O/D - 4.00 , MID = 4.00

CONTOUR I 2 0 4 5 6 7 8 9

VALUE 0-0000 0.0500 0.I000 0,1SO0 0.2000 0.2500 0-3000 0-3500 0.4000

_.s i.o -o.s ,.o -o.s t.o

MEASURED VELOCITY PROFILES FOR TEST NO 8. TM:CONST. PLQTE M-4 /STOI .J : _.67

lo I]

0.500O 0.6000

o.o

,SIO = 4.00 • H/O = 4.00

_ig_re 169. Measured Velocity

Distributions for Test No. 8

of DJM Phase EII Testing.
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$=0.1016HETERS S/DJ = 4.9e4 HOIDJ = 4.964 VMAIN = 5.3 M/SEC VJET = 18.5 MISEC TMAIN = 373.1 _ TJET : I74,2 K THEB = 0.3314 BLORBT= 7,550 DENRATIO= 2,_85 TRATIO=0.4B7

2 2

MERSURED VELOCITY PROFILES FOR TEST NO 9. TM=CONST, PLATE M-4 (STG) . J = 2S.78 , SID = 4.00 , HID = 4.00

CONTOUR I 2 3 4 5

VRLUE 0.0000 0.0500 O.]O00 0.1500 0.2000

8 _ 8 9 I0 II

0.2500 0.0000 0.5500 0.4000 0.5000 0,5000

"°

• d = 2S-78 ,S/D - 4.00 ,H/B = 4.00MEASURED VELOCITY PROFILES FOR TEST NO 9. TM:CONST. PLATE H-4 (STO)

Figure 170. Measured Velocity

Distributions for Test No. 9

o_ DJM Phase Ill _esting.
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5 = 0.0_8 METE_ 8/OJ = 3.280 HO/OJ = 6-560 VMAIN = 5.4 M/SEC VJET = 9.5 M/_C TMRIN = 386.4 K T_T : 178.4 K T_B ; 0.2194 BLORRT= 3.825 OENRRTIO= 2.178 T_TIOsO.462

• cb...... ck_--- d:>...... cb-_:--' d:>...... eL>---,, 4>...... _---

(:b...... cb---_ cb...... 6 ..... eL>...... cb-...... 6 ...... d:>!....

%

XlHO = 0-250 . XlHO = 0.500 XlHO : I._0 XIHO = 2-000

= . = . = . = 13.12

1 64 3 20 6 56

MEQSURED VELOCITY PROFILES FOR TEST NO lO,TM=CONST, PLQTE M-5(OFF-SETt • J = 6-72 , 8/0 = 2.88 , H/D : 5.66

CONTOUR

VNLUE

o.o o.o o.o

I 2 3 4 5 6 7 8 9 10 11

0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

MERSUREB VELOCITY PROFILE6 FOR TEST NO IO,TM=CONST. PLRTE N-5(OFF-SET] ,d = 6.72 ,S/0 = 2.89 ,H/O = 5.66

Figure 171. Measured Velocity
Distributions for _est NO. i0

of DJM Phase III Testing.
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S=0.0508METERSSIDJ=3.41"/IdOlOJ=6-8S5VH_qlN=5.3B/$ECVJET=18.4M/SECTMRIN=3'76.2KTJET=1"74.2KTHEB=0.3422BLORAT:'7.68_OENRRT]O=2.203TRRTIO=0.463

c_> c_._--_ _ _"_-"- _ '-""- _- ......_+-_---"_"= _ _ " _---- _"-_;--_ '_ " _-......_-'_;.....- '_"

MEASURED VELOCITY PROFILES FOR TEST NO II,TM=CONST, PLATE M-S[OFF-SET) , J =2B.79 , S/D = 2.83 , H/D = 5.66

CONTOUR 1 2 3 4 5 6 3 8 9 10 11

VALUE O.O00O 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0 .,_000 0.6000 0.6000

o,o o.o o.o

_.s ,.e -_ L.s -o._ ,.s 4._ ,.s

MERSURED VELOCITY PROFILES FOR TEST NO 1L,TM=CONST, PLRTE M-S[OFF-SET) ,J = 26.79 ,S/O = 2.8S .H/B = S.B6

Figure 172. Measured Velocity

Distributions for Test NO. 11

o_ DJM Phase III Testing,
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$ =0.0508 METERS S/DJ = 3.5O7 HO/DJ = 7.013 VMRIN = 5.0 M/SEC VJET = 34.5 MISEC TMAIN = 35B.3 K TJET = 174-_ K THEB = 0.5004 BLORAT= 15.364 OENR@TIO= 2,221 TR@TIO=0.486

MEI_SURED VELOCITY PROFILES FOR TEST NO 12,TM=CONST, PLATE M-S(OFF-SET) , J = IOS,27 • S/O = 2.83 • H/D = 5.68

CONTOUR 1 2 _ 4 5 6 7 8 g 10 tl

V@LUE 0.0000 0.0500 0.1000 0.1500 0.200O 0.2500 0.3OOO 0,9500 0.4000 0.5000 0.6000

,.s _.s ].s -o.s T_R_ O]ST. Z_ ].S 4.s _SeR_ O]Sl, ZZB bs

MERSUREO VELOCITY PROFILE8 FOR TEST NO 12.TM=CON8T, PLATE M-S{OFF 8ETI , J = ]06.2q ,S/D = 2.83 , H/O = 5.66

Figure 173. MeaSured Velocity

Distributions for Test No. 12

of DJM Phase III Testing.



S -0,0508 I1ETERS S/OJ - 3.424 HO/DJ = 6,848 VMAIN = 17.0 M/SEC VJET = 58.5 [1/SEC TMRIN = 672.G K TJET - 310.1 K THEB = 0,2820 8LORFtT= 7.GO5 I]ENRAT;O- 2.2C8 TRF_TIO=O.461

MEASURED VELOCITY PROFILES FOR TEST NO 13, TEST SECTION [, PLRTE MS , J =26,20 , 8/0 = 2.88 , H/D = S.GS

CONTOUR ; 2 O 4 6 6 7 8 9 10 :;

YRLUE O.OO00 0-0500 O,IOO0 0.1500 0.2000 0.2500 0.30O0 O-OKO0 0,4000 0,5000 0,8000

i °. i- ..°
a,.

I1ERSURED VEL0CITY CONTOURS FOR TEST NO 1S,PLRTE MS,J1=26 ,J2=6,S/D=2.8S,H/O-5.66

Figure 174. Measured Velocity

Distributions for Test No. 13

of DJM Phase III Testing.
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s :0.0508 _IETERB $/0J : 3.510 HOlOJ = 7.020 VMAIN = 10.8 MISEC VJET = 113.0 M/SEC TMRIN : 600.3 K TJET = 304.5 }( THEB = 0.3938 BLORRT= 15.834 OENRRTIO= 2.353 TRRTIO=O.457

MEASURED VELOCITY PROFILES FOR TEST NO 14, TEST SECTION I, PLATE M5 , J : 106.54 , S/D : 2.83 , H/D = 8.66

CONTOUR t 2 3 4 5 0 7 8 9 IO II

VALUE 0.0000 0.0500 0.1000 0.1500 0.20OO 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

MERSURED VELOCITY CONTOURS FOR TEST NO t4,PLRTE MS,Jl=lOB,J2=8,S/D=2.83.H/8=5.66

Figure 175. Measured Velocity

Distributions for Test NO. 14

of DJM Phase III Testing,
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s=0.0508 HETERS S/OJ = 3.510 HO/OJ = 7.020 VtiglN = 16.7 M/SEC VJET = 112.9 H/SEC THRIN = 660-0 K TJET = 305.8 K THEB = 0.4318 BLORnT= $5.708 BENRATIO= 2.321 TRRTIO=O.463

MEASURED VELOCITY PROFILES FOR TEgT NO 15, TEST SECTION I, PLATE MS . d = 106.29 . S/0 = 2.88 • HID = 5.86

CONTOUR [ 2 3 4 5 6 7 8 0 10 15

VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0-5000 0.6000

MEASURED VELOCITY CONTOURS FOR TEST NO 15,PLATE MS,JI=IOS,J2=2G,S/U=2.8R.H/O=5-6

Figure 176, Measured Velocity

Distributions for Test No. 15

of DJM Phase III Testing.

203



s : 8.0254 ffETER8 8/DJ = 2,416 HOIDJ = 8.666 VHAIN = 5.1 M/SEC VJET = 34.9 PVSEC THAIN = 364-8 K T4ET = 170.4 _ THEB = O.3938 8LORAT= 15,602 DENR£TIO=- 2.280 TP,gTIO=O.467

HEASURED VELOCITY PROFILES FOR TEST NO 16, PLATE H-6tOFF-SET),JA=6.46 , J = 106.78 , S/D = 2.00 , H/O = 8.00

CONTOUR

VALUE

.o .o .B

1 2 3 4 5 6 7 B 9 lO II

0.0000 0.0500 0.1000 04500 0.2O00 0.25O0 0.3000 0.3500 0.400O 0.5000 0,5000

MERSUREO VELOCITY PROFILES FOR TEST NO 16, PLATE H-6(OFF-SET],JA=6.46 ,d : 106.78 ,S/O : 2.00 ,H/D = 8.00

Figure 177. Measured Velocity

Distributions for Test NO. 16

of DJM Phase III Testing.
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(_- ___ 0.500

4 ,B3

5/gJ = 2.41S HOIOJ = 9.68B VMRIN : 5.2 tl/SE£ VJET = 3S.0 M/$EC THRIN = 368.8 K TJET = IB9.S K THEB = 0.4409 BLORAT: 15,745 DENRRTIO: 2.321 TRRT[O=O.460

= 19.33

MEASURED VELOCITY PROFILES FOR TEST NO 17, PLRTE M-S(OFF-SETl,JR=26.5 , d = I06.82 , 5/0 = 2.00 . H/O = 8.00

CONTOUR [ 2 3 4 5 8 7 B 0

V£LUE 0.0000 0.0500 O.tOOO 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

_ t.s _.s 1.5 _._ 1.5

tO tl

0.5000 0.6000

_ OXST,Z/5

MERSUREO VELOCITY PROFILES FOR TEST NO 17, PLRTE H-6{OFF-SET].JR=Z6.S ,J = 106.82 ,5/D = 2.00 .H/O = 8.00

Figure 178. Measured Velocity
Distributions for Test No, i7

of DJM Phase III Testing.

2O5



$ =0.0508 I'_TERS S/DJ = 2.358 HO/OJ = 4-716 VMRIN : L7.4 M/BEC VJEI = 0O.4 N/SEC TNAIN = 684.2 I_ TJET = 316.3 }( THEB = 0.2116 BIORFLT= 3.80O DENRRI'IO= 2-173

MERSURED VELOCITY PROFILES FOR _$T NO 18L -rI=CONST, 45 DECREE 5LOTS . J = 6.54 , S/D = 2.00 . H/D = 4.00

CONTOUR 1 2 O 4 5

VALUE 0.0000 0.05O0 O.LO00 0.1500 0.2000

o,o

ozsr. z,s rv_s_w DI_. US

6 "7 8 g tO tl

0.2500 0.3000 0.5O00 0-400O 0-5000 0 -6000

4.S =,S _-_ 1,5
r_ DIS_. US rRmS,_Z_ OlSr. US

HERSURED VELOCITY CONTOURS FOR TEST NO 18.PLOTE M-7. J=6.64. S/D=2.00. H/D=4-00

Figure 179. Measured Velocity

Distributions for Test NO. 18

of DJM Phase III Testing.
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6 =O.O5O8 METERS 6/DJ : 2.458 HO/OJ = 4.9]6 VMRIN = 17.2 M SEC VJET = 60-5 H/6EC TMRIN - 675-5 K TJET = 614-6 K THE6 = 0.3636 BLORRT: 7.702 OENRRTIO: 2.18=S

MEASURED VELOCITY PROFILES FOR TEST NO 19, TM=CGROT, 45 DEGREE SLOTS , J =27.13 S/_] = 2.00 . H/O - 4.00

CONTOUR 1 2 3 4 5 6 7 8 O I0 II

VALUE 0.0000 O .OOO0 0-1000 0.1500 0.200 _ 0.2600 0.3000 0.3500 0.4000 0.5OOO 0.6000

.o o.o o,o

o[sT. _s _ o=_. _ _ reST. US mmsm_ OIST. US

Figure 186. Measured Velocity

Distributions for Test NO. 19

of DJM Phase III Testing.
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MERSURED VELOCITY CONTOURS FOR TEST NO 19,PLRTE M-7, J=27.13, S/D=2-O0, H/0=4.00



S =0.0508 METERS 5/0J = 2.519 HD/OJ = 5.039 VMAIN : 16.2 M/SEC VJET : 112.0 M/DEC TMAIN = 63"7.4 K TJET = 307.8 K

MEASURED VELOCITY PROFILED FOR TEST NO 20, TM=CONST. 45 DEGREE SLOTS , J = 106-18 , S/D = 2.00

THE8 = 0.4855 BLORAT= 15.314 OENRRT]O: 2,209

 ioo
• H/D = 4,00

CONTOUR

VALUE

1 2 3 4 5 E 7 0 9

0.0000 0.050O 0.1000 0.1500 0.200O 0.2500 O.3000 0,5500 0.4000

MEASURED VELOCITY CONTOURS FOR TEST NO 20,PLATE M-7, J=I05.2, S/0=2.00, H/0=4-00

IO II

0.500O 0.5000

-o.s L,s

Figure 181. Measured Velocity

Distributions for Test NO. 20

of DJM Phase IIE Testing.
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s=0.0508METERS8/DJ=2.2BBNO/OJ=4.57BVNRIN=15.3IIISECVJET=104.3M/SECTMAIN=62g,IKTJET=30'7.0KTF_EB=0.5322BLORRT=15.170DENRRTIO=2.230TRRTIO=0.488

MEASUREDVELOCITYPROFILESFORTESTNO21,TESTSECTIONI.TM=CONST• J=103.19• S/D=2.00, H/O=4.00

CONTOURI 2 3 4 5 6 7 8 S I0 11
VQLUE0.00000,05000.I0000-15000-20000.250OO,OOOD0.300O0,4000O.50O00,6000

0 01.o _ L.o i.o

-p.5 2.6 _._ ,.B _._ I.B -o._ i.i

Figure 182. Measured Velocity

Distributions for Test No. 21

of DJM Phase III Testing.
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MEgBURED VELOCITY CONTOURS FOR TEST NO 21, TM=CONST, J:1OS.Z, 810:Z.00, N18:4.00



5 = 0.0508 METER5 $/OJ = 2.286 HO/DJ = 4*573 VMgZN = t6,9 _/eEC VJET = 58.6 M/SEC TMRIN = 668-5 K TJET = 312.? K THEB = 0,3626

X/HO = 0,250 0_500 , /HO = 1.ooo
1.14 Z_Z9 4.57

MERSUREO VELOCITY PROFILES FOR TEST NO 22,TEST SECTION I, ONE-SIDED , d = Z6.24 , $/0 = 2.00

BLORI_T= 7.5'72 OENRRTIO= 2.t85 TRRTIO=O,46B

9 l l 5

, H/O : 4.00

CONTOUR 1 2 3 4 5 6 7 8 9

VRLUE 0.0000 0.0500 O,tOOO O,15OO O.ZO00 O.ZS00 0.3000 O,3SO0 0,4000

o.o o.o

10

0.5000

NERSUREO VELOCITY CONTOURS FOR TEST NO 22, TH=CONST, J=26.24, S/0:2.00, H/0=4,00

It

0.6000

o.o

_.5 t.6

Figure 183. Measured Velocity

Distributions for Test NO. 22

of DJM Phase IZI Testing.
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